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Washington, D. °C. 20234 


Re: Grant No. NB81NADA2043 
Energy Recovery from Existing 


Municipals incinerator sm 


Hear lerry: 


imameplLecaseds LOmsubmiatetos youl the final report of the 
Feasibility of Resource Recovery at the Southwest Brooklyn 
Incinerator. The study was conducted by Weston Engineers and 
Black G Veatch, under a contract with the City's Department of 
Palttation.» the Power Authority of the State of*New York has 
been an active participant in the project and is interested in 
its ultimate implementation. 


Based on technical and economic investigations, the 
Pepoencesccommenas the penération of electricity-withwthe flex- 
PDiiviyeor extractine steam in°the future for district! heating 
purposes. . The recovery of ferrous and aggregate from the 
residue also appears promising. 


thes Uuty sands tice PoOwemenUcnority alemoptim Ls ti cethat 
this project can be implemented. We are greatful to the 
assistance provided by you and your agency in moving the 
pro; eccteoLosem toeiruition: 


VernyAarrulmryours... 


va ea 


Ha: Gc HamnyecZanpenski , »P. 5 
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DESIGNERS CONSULTANTS 


31 August 1982 


Mi. HaArGy soZarpanski who. 
Director, Management and 
Administrative Services 

The City of New York 
Department of Sanitation 
Office of "Resource Recovery 
51 Chambers Street, Room 815 
NewYork sNs.iv¥t2-tl0007 


Mr. Albert Thau 

The City of New York 

Department of Sanitation 

Power Authority State of New York 

10 Columbus Circle (17th’ Floor) 

Newey ork Ne Wene 10019 W.O. 2147-01-01 


Subject: Feasibility Study for Resource Recovery, 
Southwest Brooklyn Incinerator 
Contract #1P00269 


Gentlemen : 


We are pleased to submit the final report covering a Feasibility 
Study for Resource Recovery at the Southwest Brooklyn Incinerator. 
The report is the product of a comprehensive investigation of the > 
technical and economic requirements for recovering energy and 
residue materials at the Southwest Brooklyn Incinerator. The 
Pesults sndicate that, a unique Opportunity exists for the City 

of New York and the Power Authority of the State of New York 

to utilize an existing solid waste incinerator installation 

for the generation of electricity and/or steam for district heat- 
ing and the potential for recovering residue ash for use as 
asphalt aggregate in City-owned asphalt plants. 


Modifying the existing facility for electricity generation with 
the flexibility for future district heating capability is un- 
usually attractive since the projected return on investment is 
considerably higher than for a "grass-roots" waste-to-energy 
project. Also, the incinerator operation; is established at the 
site with refuse handling patterns and residue disposal methods 
functional and operating. As a result, the licensing and per- 
mitting requirements will be significantly reduced as compared 
to a new facility. 
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WESTON 


Department of Sanitation 
City of New York -2- 31 August 1982 


This project can be completed and producing power within 3 years. 
The feasibility of modifying the Southwest Brooklyn plant can be 
directly applied to similar modification of the Betts Avenue and 
Greenpoint facilities. In addition, the other three existing 
plants which are not in service could be refurbished and retro- 
fitted as waste-to-energy facilities. 


As a result of this study, the WESTON/Black and Veatch recom- 
mendation is that you proceed with preliminary engineering to; 
verify the plant design parameters and selection of materials, 
further identify environmental impact investigation required 
and extend the cogeneration concepts to include hot water 
district heating. 


WESTON has analyzed a great many Resource Recovery Projects 

over the past 10-15 years. This project economically represents 
one of the best we have seen. We recommend that appropriate 
steps be taken to promptly initiate the preliminary engineering 
required to implement this economically and environmentally 
attractive project. 


VGRVetCU Lye vOUnS:, 


WESTON (a Business Trust) 


jee 


A. William Hogeland, P.Ew~ 
Project Director 


: Ma 
Pi AOD 
! Dd 
Warren H. Chesner, PH:D., P.E. 


Project Manager 
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SECTION 1 


EXECUTIVE SUMMARY 


1.1 OVERVIEW 


The Southwest Brooklyn Incinerator is one of six 1,000 ton per 
day (tpd) incinerators built by the City of New York in the 
1950's. Of these six, only three are presently operating: 

Betts Avenue, Greenpoint, and Southwest Brooklyn. Each incinera- 
tor is equipped with four furnace trains, each designed to proc- 
ess 250 tpd of municipal refuse. The inoperative incinerators 
include: Hamilton Avenue, South Shore, and Gansevoort. 


Both the heating value contained in municipal refuse, which can 
be converted into useful energy, and the material value of the 
refuse ash, which can be recovered and recycled into a useful 
product, offer an opportunity to convert the solid waste into a 
useful resource and product. The primary purpose of this inves- 
tigation was to examine both the technical and economic feasi- 
bility of exploiting the heating value of the refuse and the ma- 
terial value of the incinerator ash processed at the Southwest 
Brooklyn incinerator. 


Based on the results of field testing, the combustion of munici- 
pal refuse at Southwest Brooklyn would be capable of generating 
2.2 trillion Btu of energy annually. Enough of this energy 
could be recovered to produce 93.8 million kWh of electricity, 
which could supply the annual needs of almost 17,000-homes, or 
produce 1.2 billion pounds of steam to satisfy the annual heat- 
ing requirements of approximately 10,000 homes during the heat- 
ing season. 


Quenched incinerator residue is currently transported by barge 
to New York City's Fresh Kills sanitary landfill on Staten 
Island. On the basis of a review of market conditions for fer- 
rous recovery and the utilization of incinerator residue as as- 
phalt aggregate, the residue has a potential economic value cap- 
able of generating revenues of $1,000-$3,000/day. Materials re- 
covery could offer the additional economic and environmental 
benefits associated with the reduction or elimination of barging 
the residue to Fresh Kills. 


On the basis of the examination of both the technical require- 
ments and the economics of recovering energy and materials from 
processed refuse presented in this report, the following conclu- 
sions were drawn: 


Ly 


The recovery of energy for electricity generation 
and/or electricity generation with steam produc- 
tion for district heating during the winter months 
is both technically and economically feasible, and 
appropriate action should be taken as soon as prac- 
tical to plan for the preparation of construction 
contract documents for such an undertaking. 


There exists an opportunity in the City of New York 
for the recovery of incinerator ash for use as as- 
phalt aggregate in City-owned asphalt production fa- 
cilities in Brooklyn. Further testing is required 

to verify the full potential of ash utilization. 
Plans for verification should also proceed as soon 
aS practical. The recommended testing program is 
presented in subsection 10.3. 


Plans for energy and/or material recovery at the Southwest 
Brooklyn Incinerator are especially attractive because: 


Ls 


The existing furnaces and structures represent a 
Significant portion of the processing systems re- 
quired for a new refuse-to-energy facility. It is 
estimated that energy recovery at a new refuse-to- 
energy facility would require a capital investment 
greater than twice that of the equivalent energy 
recovery facility at Southwest Brooklyn. 


The existing facility eliminates the necessity for 
comprehensive siting investigations. 


Local trucking routes have already been established. 


Additional environmental impacts and licensing re- 
quirements are minimal. 


Energy and material recovery feasibility demonstrat- 
ed at Southwest Brooklyn can be directly applied to 
the other operating incinerators at Betts Avenue and 
Greenpoint, and may be applicable to those incinera- 
tors that are presently inoperative. 


1.2 ENERGY RECOVERY 


The technical feasibility associated with energy recovery from 
Southwest Brooklyn was evaluated by determining the following: 


l. Heat content of the refuse, and the energy available 
for steam generation. 


2. Requirements for the control of waste heat boiler cor- 
rosion problems. ji 


3. Requirements for the integrated control of boiler/ 
turbine operation for electricity generation. 


4. Available district heating market. 
5. Total energy output. 


A field testing program was undertaken in which flue gas quanti- 
ties and temperatures were monitored to determine the heat 
available for steam generation. This eliminated the need to rely 
on literature values for the heat content of refuse to determine 
the energy available for steam generation. This testing program 
is presented in detail in Section 4. 


A detailed review of potential corrosion problems, and mitigat- 
ing measures, as well as the expected waste heat boiler opera- 
tional life, was undertaken to determine process modifications 
and equipment requirements to minimize the impact of corrosion 
on heat recovery operation. This evaluation was undertaken by 
reviewing the literature for corrosion problems associated with 
municipal refuse combustion, site visits to facilities with 
dirty gas waste heat recovery applications, and discussions with 
both European and U.S. waste heat boiler manufacturers concern- 
ing operating experiences and recommended operating and design 
practices. This review is presented in Section 6. 


A comprehensive review of boiler/turbine operation utilizing a 

fuel with the fluctuating heating value characteristics of mu- 

nicipal refuse was undertaken to ensure that compatible boiler/ 
turbine operation could be effected. This review was integrated 
into the control systems for the boiler/turbine operation pre- 

sented in Section 6. 


A market survey of potential energy users within a three-quarter 
mile radius of the incinerator was implemented to determine the 
available steam market. This survey is presented in detail in 
Section 5. 


An energy availability model was constructed on the basis of en- 
ergy and equipment availability, and the effect of wet refuse on 
energy output. On the basis of this analysis, the efficiency of 
the waste heat boiler and turbine output was projected. The 
availability model is presented in detail in Section 4, and en- 
ergy output is presented in Tables 9-4 and 9-5. 


The economic feasibility of energy recovery was addressed by 
comparing projected revenues against projected costs using reve- 
nue projections from New York State Power Pool projected elec- 
tricity rate schedules and Power Authority (PASNY) projections 
of oil replacement costs for the steam rate schedule. This anal- 
ysis is presented in Section 9. 


Three energy recovery options were evaluated: 
l. Generation of electricity only. 


2. Cogeneration of electricity with steam distri- 
bution to all users within a three-quarter mile 
radius of the incinerator (full steam loop). 


3. Cogeneration of electricity with steam distri- 
bution to selected users (partial steam loop). 


The installed equipment (capital) cost in 1981 dollars, for each 
alternative is as follows: 


lo) sb ectricityveonly - $26,972,000 


2. Cogeneration with 
steam distribution 
to all users $5350 G200 O 


3. Cogeneration with 
steam distribution 
to selected users $32,309,000 


Potential revenues associated with the electricity-only alterna- 
tive, although less than either cogeneration option, yields the 
most favorable cash flow forecast (presented in Tables 9-6 
through 9-10). Three deficit years are projected utilizing a 
rate structure that provides for electrical revenue rates at 
$0.0770 per kWh in 1986, and escalating thereafter in accordance 
with New York State Power Pool projections. 


The cogeneration-to-selected-user alternative, using Power Au- 
thority revenue projections of $10.31 per 1,000 lbs in 1986, is 
the second most favorable option with only four years of deficit 
cash flow. This alternative will become more favorable as the 
area in the vicinity of the incinerator develops and the demand 
for district heating increases. 


On the basis of a review of costs, revenues, and implementation 
requirements, detailed in Section 10, the electricity-only al- 
ternative was recommended for immediate consideration. It is al- 
so recommended that this system be designed with the flexibili- 
ty to incorporate steam or hot water generation for future dis- 
trict heating purposes. 


The project implementation schedule for licensing, engineering, 
and construction is presented on Figure 9-l. 


1.3 MATERIALS RECOVERY 


The recovery of ferrous metals from incinerator residue and the 
utilization of processed residue as aggregate material for bi- 
tuminous paving mixtures were judged to be the two areas with 
the greatest potential. for market penetration. 


Market interest for recovered ferrous material has been ex- 
pressed by members of the Institute of Scrap Iron and Steel in 
New York, as well as other ferrous metal dealers. 


The New York City-owned Hamilton Avenue Asphalt Plant could 
provide a reliable market for asphalt aggregate. This plant has 
a design capacity of 7,200 tpd, as compared to the incinerator's 
residue generation rate of 200-300 tpd. Residue aggregate proc- 
essed to specifications could be blended with natural materials 
for use in asphalt mixtures. 


Both ferrous metal and residue aggregate could be recovered with 
little interference with existing operations. The incinerator 
residue could be diverted from the existing barge conveyors 
through rotating screens and magnetic separators to classify 
residue sizes and separate ferrous materials. 


Two recovery concepts were investigated: partial recovery and 
total recovery. 


The installed equipment (capital) cost in 1981 dollars for each 
option are as follows: 


Partial recovery $796,500 
Total recovery $945,500 


On the basis of projections of aggregate replacement costs and/ 
or ferrous resale, presented in Section 7, the partial recovery 
of ferrous and aggregate from incinerator residue is recommended 
for further investigation. This alternative could also be modi- 
fied to provide for total recovery of residue at some future 
date. Material recovery marketing technical and economic evalua- 
tions are presented in detail in Section 7. 


1.4 AIR POLLUTION CONTROL 


The rehabilitation of the air pollution control equipment on 
furnace No. 1 would require a process train similar to those 
currently installed on furnaces Nos. 2, 3, and 4. This includes 
the installation of a new gas-conditioning tower and electro- 
Static precipitator. The capital cost associated with installa- 
tion of the new equipment would be approximately $5,140,000, ex- 
pressed in 1981 dollars. This cost is not incorporated into any 
of the three energy recovery options presented, but would have 
to be accomplished in order to ensure the selected option capac- 
ity available. A detailed analysis of air pollution control re- 
quirements is presented in Section 8. 


1.5 RECOMMENDATIONS 


It is recommended that the City of New York and the Power Au- 
thority of the State of New York proceed with plans for the de- 
sign and construction of an energy recovery facility at the 
Southwest Brooklyn Incinerator. This facility should be capable 
of generating electricity year-round, but should also be de- 
signed with the flexibility to extract steam for district heat- 
ing purposes in the future. It is recommended that these inte- 
grated facilities be administered by one management entity. De- 
tails of various operating arrangements are presented in Sec- 
t1On 3. 


Given the present district heating market at Southwest Brooklyn, 
generating electricity is most promising economic alternative. 
It also is the simplest to implement since it does not require 
the construction of a distribution system, or negotiations with 
potential steam customers. In addition, it has the flexibility 
to incorporate steam or hot water distribution in the future. 


= 6 


With increased development in the vicinity of Southwest Brook- 
lyn, the economics of district heating, with its more efficient 
utilization of the heat value of the refuse, will become more 
favorable. 


Additional steps which should be undertaken prior to the prepa- 
ration of final design documents are presented in subsection 


10.5. 


Partial recovery of ferrous and aggregate from incinerator resi- 
due is a promising alternative worthy of additional considera- 
tion. The details of further investigation requirements are out- 
lined in subsection 10.3 and 10.5. It is recommended that the 
Material recovery component operate under the same management 
entity as the incinerator, but this is not essential, and an in- 
dependent operation could exist for material recovery. 


It is recommended that a fourth air pollution control train for 
furnace No. 1 be installed at Southwest Brooklyn to meet present 
air pollution control requirements and to provide the flexibili- 
ty to operate the incinerator and the waste heat boilers inde- 
pendently if necessary. 


A detailed presentation of the analysis of the various alterna- 
tives is given in Section 10. 
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SECTION 2 
INTRODUCTION 


A few years ago, inexpenSive energy was available, and sanitary 
landfills were considered to be the most acceptable solution to 
solid waste management problems. Solid waste incinerators were 
being retired because they could not meet the more restrictive 
air pollution standards. Today, energy costs are rising, fewer 
convenient environmentally-acceptable landfill sites are availa- 
ble, and the cost of solid waste management is increasing. The 
use of combustion systems is again considered an attractive al- 
ternative for solid waste management, and for energy and materi- 
al recovery. 


Solid waste management planning in the City of New York has been 
@riected byethisunaGional, cycle... Of) the six oniginal 1,000 tpd 
incinerators, three have been closed. The Southwest Brooklyn 
and Greenpoint Avenue incinerators in Brooklyn, and Betts Avenue 
in Queens, remain functional after being refurbished and refit- 
ted with air pollution control systems. The major portion of 
the 22,000 tpd of solid waste generated in the City has been di- 
rected to City landfills. Recent steps taken by the City to re- 
verse this trend include the proposed 3,000 and 1,740-tpd re- 
source recovery facilities for the Brooklyn Navy Yard and the 
South Bronx, respectively. Included in this overall planning 

- process is an evaluation of modifying existing New York inciner- 
ators to incorporate both energy and material recovery process- 
es. This latter alternative is attractive for two major reasons: 


1. The existing incinerators and structures repre- 
sent a Significant portion of the capital require- 
ments associated with a refuse-to-energy facility. 


2. The local community has already accepted the 
presence of the facilities, local transportation 
routes have been established, and additional 
environmental considerations would be minimal. 


On 16 October 1980, the firm of Roy F. Weston, in association 


with Black & Veatch, contracted with the New York City Depart- 
ment of Sanitation (NYCDOS) and the Power Authority of the State 


on] 


of New York (PASNY) to perform a study investigating the feasi- 
bility of implementing a resource recovery program at the South- 
west Brooklyn Incinerator. This study provided for an investiga- 
tion of energy and incinerator residue materials recovery alter- 
natives. The contract was amended to include a field-testing 
program at the incinerator. 


This evaluation included an assessment of several energy and ma- 
terial recovery options, including electrical generation only, 
or the cogeneration of electricity and steam for district heat- 
ing; and recovery of ferrous and nonferrous materials from in- 
cinerator residues. 


In addition, the study included an evaluation of the require- 
ments. for renovating the air pollution control train on furnace 
No. 1 to meet air pollution control requirements. Furnaces Nos. 
2, 3, and 4 were previously fitted with air pollution control 
equipment. 


The remainder of this report is divided into the following sec- 
tions: 


c) Section 3 -- Background and Design Objectives 


Reviews the existing operation at the Southwest 
Brooklyn Incinerator, the study goals, and the 
operating criteria for the proposed resource 
recovery facility. 


e Section 4 -- Energy Availability 


Presents the methods and analyses undertaken for 
determining the potential energy available for 
recovery at Southwest Brooklyn. 


© Section 5 -- Steam Market Analysis and District 
Heating Concept Design 


Identifies the potential steam market in the 
incinerator vicinity and presents options and 
costs for transporting the steam to nearby 
consumers. 


Section 6 -- Waste Heat Boiler and Turbine Concept 
and Cost , 


Provides a feasible engineering basis and design 
for a cost evaluation of electricity and cogener- 
ation concepts. 


Section 7 -- Materials Recovery 


Provides a review of the results of a residue 
market survey, and presents the engineering and 
design requirements associated with material 
recovery options. 


Section 8 -- Furnace No. 1 Air Pollution Abatement 
Recommendations 


Presents the requirements and costs for instal- 
PaGLonmc lmlircm@tOULCIeairL, DOMLUCION Control train 
on furnace = No. ol. 

Section 9 -- Cost Evaluation 

Reviews and evaluates the costs and revenues 


associated with the options presented in Sec- 
Gronie os through s&s. 


Section 10 -- Analysis of Alternatives and Recommenda- 
tions 


Summarizes the final recommended alternatives. 
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SECTION 3 
BACKGROUND AND DESIGN OBJECTIVES 


3.1 BACKGROUND 


The Southwest Brooklyn Incinerator is located on Bay 4lst 
Street, in Brooklyn, adjacent to Gravesend Bay (Figure 3-1). 

The facility, designed and built in the late 1950's, is equipped 
with four furnace trains, each designed to incinerate 250 tons 
of municipal refuse per day. All of the furnaces have since been 
refurbished, and three have been fitted with modern air pollu- 
tion control trains. The incinerator is operated in conjunction 
with a marine transfer station (MTS) located on-site. Excess re- 
fuse and noncombustible materials are diverted to the MTS where 
it is loaded onto barges for transport to New York City's Fresh 
Kills Landfill on Staten Island. 


The total quantity of refuse delivered to the incinerator and 
transfer station averaged 810 tons/operating day between Novem- 
ber 1979 and October 1980. The design refuse load of 1,000 tpd 
was attained on only 16 percent of the operating days. During — 
this period, however, modifications to the furnaces were being 
implemented, which reduced the availability of the equipment. 
The City has the capability to deliver sufficient refuse to at- 
tain the design load. (1,2) Appendix A presents data illustrat- 
ing the annual distribution of delivered refuse, as well as the 
frequency distribution of these refuse quantities. 


Municipal refuse received at the plant is weighed and deposited 
in the refuse pit. This pit has a nominal capacity to water lev- 
el of 1,180 tons (based on a packer truck refuse density of 450 
lbs/cu yd). Stacking the refuse, which is a normal operating 
procedure, increases the capacity to 2,200 tons or 2.2 days of 
design station throughput. 


Refuse is charged to the furnaces by two overhead traveling 
Cranes. The crane operators maintain a "plug" of refuse in each 
charging chute to prevent infiltration of outside air. Each 
charging chute is equipped with a thermostatically-controlled 
water jacket to prevent fires. 


The furnaces are refractory brick sidewall and roof arch con- 
struction, and are equipped with reciprocating grate stokers. 
Each stoker consists of four grate sections with independent 
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speed controls. Refuse entering the furnace is continuously 
mixed and tumbled along the length of the stoker. The contin- 
ous mixing increases combustion efficiency and residue quality 
by spreading the refuse evenly and controlling the exposure of 
new materials to the flame. Residue from each furnace falls 
from the end of the stoker into a water-filled quenching trough. 
A series of drag flight conveyors is utilized to transport the 
quenched residue to the disposal barge. 


Air is supplied to each furnace by three forced-air fans (under- 
fire, overfire, and wall cooling) with design capacities of 
24,700, 24,000, and 8,500 SCFM, respectively. Each fan operates 
at a constant speed; air flows are varied by means of variable- 
pitch intake dampers. The total air capacity of 57,200 SCFM re- 
presents approximately 260 percent excess air on the basis of 
fuel with a heating value of 4,370 Btu/lb, and a stoichiometric 
air requirement of 3.53 lbs air/lb refuse (see Appendix M). 


Flue gas from the furnace passes into the secondary chamber 
which is designed to increase the retention time in the furnace 
for final gaseous combustion and fly ash deposition. The exit 
gases are presently routed through a bypass flue directly to the 
stack. When the air pollution control equipment becomes oper- 
able in the near future, the gases will pass through an outlet 
breeching into the air pollution control train. The existing 
air pollution control equipment is described in detail in 
Section 8. 


The incinerator is presently operated on a six-day week; no re- 
fuse is received or incinerated on Sundays. Furnace fires are 
allowed to burn out on Saturday evening and are restarted early 
Monday morning. A detailed description of furnace startup and 
operating procedures is presented in Appendix N. 


3.2 RESOURCE RECOVERY GOALS 


The major objectives of this study were to evaluate the feasi- 
bility of energy and material recovery at the Southwest Brook- 
lyn Incinerator, while maintaining the primary incinerator func- 
tion, i.e., refuse combustion. ” Energy ‘recovery offers an oppor- 
tunity to utilize the heat value contained in refuse, which is 
presently wasted, to generate low-cost energy. Material recov- 
ery offers an opportunity to recover the economic value asso- 
ciated with the components of incinerated residue and to reduce 
or eliminate the economic and environmental problems associated 
with barging and landfilling the residue at Fresh Kills. 


isis 


3.2 WisibnerogyiRecovery. 


Two alternatives for energy recovery were evaluated: 
1. Electricity generation. 


2. Cogeneration of electricity with provision 
for steam district heating. 


Concepts for both alternatives are presented schematically on 
Figure 3-2, highlighting major equipment components. The basic 
electrical concept utilizes the heat contained in the incinera- 
tor flue gas to generate steam which expands through a turbine 
to the condenser. The electricity and steam concept is analo- 
gous, except the process steam is extracted through a second 
heat exchanger to generate distribution system steam, reducing 
the quantity of steam available for generation of electricity. 


3.2.2 Material Recovery 


The feasibility of recovering recyclable materials from the in- 
Ccinerator residue was investigated to determine the marketabil- 
ity of recovered goods and the associated technical require- 
ments, and economics of recovery. Specifically, the following 
materials were investigated (see Section 7): 


1. Ferrous metals. 
2. Nonferrous metals. 
3. Aggregate materials (ferrous and nonferrous). 


Concepts for material recovery are presented schematically on 
Figure 3-3. 


Sf SeMALT VV POULUE LON COmunou 


To operate the facility at the design throughput rate of 1,000 
tpd, the incinerator must comply with air pollution regulations. 
Presently, furnace No. 1 is outfitted with the air pollution 
control equipment originally used ina preliminary testing pro- 
gram in the early 1970's. This equipment requires replacement in 
order to meet existing regulations. 
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3.3 OPERATING GOALS AND CRITERIA 


The primary goal of the existing Southwest Brooklyn Incinerator 
is processing refuse (i.e., refuse volume sterilization and re- 
duction). Operation of the refuse processing facility as a re- 
source facility will require new operating goals that focus on 
energy and/or material recovery, as well as refuse processing. 


Subsection 3.3 suggests administrative requirements and new op- 
erating components that could be considered for the electricity 
Only, steam and electricity, and the material recovery alterna- 
tives proposed. 


It is recommended that a single administrative organization be 
responsible for the overall operation of the facility. 


Five distinct operating components can be readily defined, de- 
pending on the nature of the facility. They include: 


1. Furnace operation and maintenance -- The responsi- 
bilities include: refuse throughput control; waste 


gas temperature and volumetric flow control, as well 
as the maintenance of refuse weighing, storage, hop- 
pers, furnaces, furnace fans, residue removal equip- 
ment, and building facilities. 


fag Energy recovery operation and maintenance -- The re- 


sponsibilities include: the operation of the waste 
heat boilers, turbine, and ancillary equipment. 


3. Air pollution control train operation and mainte- 


nance -- The responsibilities include: the main- 
tenance and operation of the gas conditioning towers, 
electrostatic precipitator, fans, and ductwork in 
the APC train. 


4, Steam distribution system operation and maintenance 


-- The responsibilities include: the maintenance of 
all pipes, pumps, traps, valves, and ancillary equip- 
ment related to steam distribution. 


5. Material recovery system operation and maintenance -- 


The responsibilities include: the operation and main- 
tenance of conveyers, trommel screens, magnetic sep- 
arators, and storage facilities for material recov- 
ery. 


Each of these operating components would require interaction 
with other components. For example, the furnace operation would 
closely interact with the energy recovery operation, providing 
appropriate refuse throughput quantities and maintaining waste 
gas températures within a defined range. Some or all of these 
components may be combined into one or more operations. For ex- 
ample, the furnace, APC, and material recovery operations could 
be combined into one operation, with the energy recovery and 
steam distribution system a second operation. Any individual 
component could be further subdivided into smaller components. 
For example, the furnace operation could be subdivided into ref- 
use weighing, storage and charging, and the furnace combustion 
and residue disposal operation. Any one of these operations may 
be contracted out for private operation, if desirable. 


The incinerator would be basSse-loaded to operate at an approxi- 
Mate rate of 250 tpd/furnace (depending on fuel content), to 
Maintain a relatively constant heat output. Table 3-1 summarizes 
each operating component, with respect to the appropriate alter- 
native. 


LomrE lect ricity pProducuLonmonby.. 


Electricity production requires three operating com- 
ponents: furnace operation, energy recovery opera- 
tion, and APC train operation. The furnace operators 
would be required to maintain throughput and waste 
gas temperatures within specified limits. The energy 
recovery operators would reduce the waste gas tem- 
peratures to specified APC equipment limits, extract- 
ing the waste heat for steam to electricity genera- 
EVO. 


2. Steam _ and Electricity Production. 


For this alternative, the energy recovery operators 
would be required to supply main and/or extraction 
steam to a heat exchanger to meet district heating 
requirements. Heat supplied from the incinerator to 
the district would be used in lieu of existing heat- 
ing systems. However, these systems would be retained 
for backup during periods of low incinerator steam 
production or downtime. Heat supplied to the dis- 
trict would be used to augment existing systems; no 
guarantee of heat supply would be provided to con- 
Sumers. At times when heat is not required, all re- 
covered energy would be used to produce electricity. 
In general, the same method of operation used in 


3-6 


Table 3-1 


Operating Components for Various Resource Recovery Alternatives 


Alternative Operating Component Responsibility 
Brectricity production Furnace operation Refuse throughput, waste 


gas temperature, waste 
gas flow rate, furnace 
and residue removal, op- 
eration and maintenance. 


Energy recovery opera- Waste heat boiler tur- 
tion bine-generator, condens- 
' er/cooling tower, opera- 
tion and maintenance. 


APC train operation Gas conditioning tower, 
electrostatic precipita- 
tor, operation and main- 


tenance. 
Steam and electricity Furnace operation Same as electricity pro- 
production : duction and furnace oper- 
ation. : 


Energy recovery opera- Same as electricity pro- 

tion duction and energy recov- 
ery operation, with an 
additional heat exchang- 
er. 


Steam distribution sys- Maintenance of steam dis- 


tem operation tribution system. 

APC train operation Same as electricity pro- 
duction and APC train op- 
eration. 

Material recovery (as- Furnace operation Same as electricity pro- 
sume with electricity eescucticon andsfurnace (oper-— 
production) | ation. 

Energy recovery opera- Same as electricity pro- 

tion Guction and furnace oper- 
ation. 

APC train operation Same as electricity pro- 
duction and APC train op- 
eration. 


Material recovery ‘oper- Operation and maintenance 


ation of material recovery 
equipment. 


3. 


electricity generation only would be used. This op- 
eration introduces one additional operating compo- 
nent, i.e., steam distribution system operation. 


Material Recovery. 


The total requirements of this option depend on wheth- 
er any of the other alternatives are implemented sim- 
ultaneously. Material recovery is an option which 

may be implemented independent of energy recovery op- 
erations. The material recovery operation assumes | 
that the buyer will haul the material from the site 

aS part of an agreement with the facility adminis- 
trator. 
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SECTION 4 
ENERGY AVAILABILITY 


4.1 INTRODUCTION 


The feasibility of waste heat recovery is based on a comparison 
of the revenues generated versus the capital and operating ex- 
penditures associated with the energy recovery equipment. Both 
revenue and equipment requirements are dependent on the quantity 
of energy which is available as a result of the combustion of 
the 1,000 tpd of refuse at the Southwest Brooklyn Incinerator. 


The quantity of energy which can be recovered is a function of: 


1. The energy contained in the combustion flue 
gases. 


2. The availability and efficiency of the furnace 
and energy recovery equipment utilized. 


The heat contained in the flue gases determines the total poten- 
tial energy available; the reliability of the furnace and energy 
recovery equipment determines the relative amount of time that 
the equipment is on-line to extract the energy. 


This section addresses in detail the steps utilized to define 
the heat value of flue gases and the energy available for re- 
covery. 


4.2 TOTAL HEATING VALUE 


The total heating value of the combustion flue gases at the 
Southwest Brooklyn Incinerator is dependent on the combustion 
air temperatures and quantities. These conditions are dependent 
Ons 


1. Refuse composition and throughput rates. 
Zee e Combustiontalrefioweands infiltration: 
3. Heat losses. 


Two approaches were available to assess the total potential 
heat value of the incinerator flue gases. The first represents 
a theoretical approach which utilizes the heat content of the 
fuel, coupled with combustion air requirements as they relate 


to the total heat released to the flue gases. This approach 
requires numerous assumptions regarding the heat and moisture 
content of refuse and heat losses. The second approach involves 
the utilization of actual field data to define the total air 
flow and corresponding temperatures at various throughput rates 
in the existing furnace. This latter approach, which uses re- 
corded data, was considered to be more reliable in defining ac- 
tual design parameters at the facility. A comparison of the re- 
sults abtained uSing these two methods is presented in subsec- 
tion 42315; 


Plant records at Southwest Brooklyn were reviewed to determine 
the adequacy of existing data in defining the total heat avail- 
able under actual operating conditions. It was concluded that 
the flow measuring devices installed in the overfire, underfire, 
and wall cooling air ductwork were inaccurate. In addition, no 
data were available which indicated the air infiltration through 
the furnace enclosure. For these reasons, a sampling program 
was performed during the week of 16-21 March 1981. 


4.2.1 Field Sampling Program 


The primary goal of the field program was to establish the total 
heat value of the flue gases leaving the secondary chamber at 
the design throughput rate of 250 tpd per furnace, defined by 
gas temperature and flow. 


In addition, the field program offered an opportunity to moni- 
tor: 


1. Temperature drops across the gas-conditioning 
tower. 


2. Pressure drops across the existing air pollu- 
tion control equipment. 


Electrostatic precipitator specifications at the incinerator re- 
quire a minimum gas entrance temperature of 400°F. This ten- 
perature ensures maximum particulate removal in the precipitator 
without the danger of dew point acid corrosion. Since the exit 
gases from the waste heat boiler will pass through the existing 
gas-conditioning tower, the anticipated temperature drop across 
the gas-conditioning tower defines the waste heat boiler exit 
gas temperature, and in turn, the total energy available for 
extraction. 


The pressure drop across the existing air pollution control 
equipment, added to the anticipated pressure drop resulting 
from installation of the new waste heat boiler, defines the 
total system pressure drop and induced-draft fan design re- 
quirements. 


Implementation of the field program was accomplished by monitor- 
ing refuse throughput, air temperatures and flow rates, and 
conducting ORSAT analyses at selected locations. Detailed de- 
scriptions of the objectives, procedures, sampling locations, 
and results associated with each task are presented in Appendix 
B. Individual tasks included: 


l. Calibration of refuse throughput rate with grate 
speed. 


2. Measurement of forced-air flow rates from three 
Lorced-air@fans. 


°3. Measurement of air temperatures in secondary chamber. 
4. Calculation of secondary chamber flow rate. 
5. Measurement of total stack gas flow rates. 


6. Measurement of temperature drop across gas-condi- 
tioning tower at measured flow rates. 


7. Pressure drop measurement across the air pollution 
conteon, train. 


4.2.2 Results and Conclusions 


4.2.2.1 Flue Gas Heating Value. 


A summary of the results of forced-air flow rates and secondary 
chamber temperature measurements for each test condition is pre- 
sented in Table 4-l. Figure 4-l is a graph plotting monitored 
forced air versus refuse throughput. The line drawn through the 
data represents the operating conditions at which the excess air 
and refuse throughput were set at conditions where residue was 
well burned out and the location of the fire on the refuse bed 
was well controlled. 
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calculated uSing 1.15 tons/bucket (average weight). 


Results of Flue Gas Heat Value Testing -Program 


Furnace No. Southwest Brooklyn Incinerator 


Refuse 
Throughput 
Buckets/ 
Hour tpal 
6 165 
9 248 
10.6 pe 
6.4 ite fy 
10.4 288 
2a 345 


2, 


Table 4-1 
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Total 


28,500 
42,800 
NP 
37, 300 
41,900 
39,200 


Forced Air 


Air Flows 

SCFM 
Stoichio- 
metric? 


10,600 
Dou 
18,700 
ay S108) 
18,500 
22,100 


2Calculated using 3.53 lbs air/lb refuse. 
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The degree of burnout was determined visually by examining the 
residue at the furnace observation port below the "doghouse" and 
at the exit of the quench trough. Residue was inspected for the 
presence.of partially-burned newspapers, labels remaining on 
metal cans, and citrus fruit peels. As a rule-of-thumb, the 
Presence of these materials generally indicates less than opti- 
mum combustion efficiency in the furnaces. The data points, de- 
fining the line, represent data monitored on 16-17 March, with 
throughput rates of 165 and 248 tpd, respectively. Measured 
secondary chamber temperatures for each respective test were 
1,2289F and 1,345°F, with 170 percent excess air calculated 
using 3.53 lbs air/lb refuse as the stoichiometric requirement 
(see Appendix M for derivation). 


Data for 20-21 March, with throughput rates above 250 tpd, re- 
sulted in higher recorded secondary chamber temperatures of 
1,520°F and 1,5909F, at 125 percent and 75 percent excess 

air, respectively. At these conditions, the refuse bed was 
burning too far down the grate, and there was an inordinate 
amount of combustibles remaining in the residue. 


Data for 19 March, with a 177-tpd throughput, resulted in lower 
recorded secondary chamber temperatures of 1,120°F with 230 
percent excess air. 


On the basis of monitored and observed conditions, recommenda- 
tions for incinerator operation are those which are presented by 
the straight line. As shown on Figure 4-1, the projected total 
forced-air throughput at a refuse processing rate of 250 tpd is 
approximately 42,800 SCFM. The existing underfire air fan can 
provide a maximum of approximately 51 percent of this flow. Mod- 
ifications to the existing underfire air fan, proposed in sub- 
section 6.2.5, will provide the means to increase the percentage 
of underfire air at the design conditions. Analysis of operat- 
ing records indicate that secondary chamber temperatures of 
1,500°F are not uncommon; the plant is required under New York 
State Department of Environmental Conservation (NYSDEC) regula- 
‘tion to attain a temperature of 1,400°F in the secondary 
chamber.! Therefore, a secondary chamber temperature of 

1,400°F (at a total flue gas flow of 42,800 SCFM) was selected 
as the design point for the heating value of the furnace flue 
gases. This corresponds to a total flue gas heat input of 205 
million Btu/hr, with all four incinerators operating at 250 tpd. 


LENYCRR, Part 222.4. 


4.2.2.2 Gas-Conditioning Tower Temperature Drop. 


Data collected for the operation of the gas-conditioning tower 
indicated that the passage of flue gases through the tower with 
the sprays not in operation would result in a temperature loss 
of approximately 90°F. Based on the minimum operating tem- 
perature of the electrostatic precipitator of 400°F, exit gas- 
es from the waste heat boilers would have a minimum temperature 
of 490°F. In order to maximize waste heat recovery, it was 
decided to limit the temperature drop across the gas-condition- 
ing tower to 50°F. It was calculated that this would require 

a minimum of 1/2 inch of external mineral wool insulation on the 
gas-conditioning tower and uptake flue breeching. Calculations 
for heat loss and insulation requirements are summarized in 
Appendix C. 


4.2.2.3 System Pressure Drop. 


Results obtained from the pressure analysis indicated a total 
pressure drop of approximately 3.6 inches water across the sys- 
tem (induced-draft fan inlet to furnace). The pressure losses 
across each piece of process equipment are listed in Appendix B. 
This will necessitate increased induced-draft fan static pres- 
Sure to overcome the total anticipated system losses. 


4.2.3 Theoretical Energy Availability 


-~A calculation of the theoretical energy available from the com- 
bustion of municipal refuse at Southwest Brooklyn is presented 
in Appendix K. Based on this calculation, the total heat avail- 
able is 191 million Btu/hr, as compared with the actual measured 
value of 205 million Btu/hr. The difference between these 
values may be attributed to the numerous assumptions required 

in the theoretical calculation, including the amount of heat 
lost through the furnace enclosure, the specific heat and 
temperature of the residue and fly ash, and the heating value 

of the refuse itself. 


4.3 ENERGY AVAILABILITY MODEL 


The results of the field flue gas sampling program indicated 
that the energy available for design considerations, at 250 tpd 
of refuse throughput, is that which is contained in the combus- 
tion gases at a gas temperature of 1,400°F and a flow rate of 
42,800 SCFM per furnace. The energy which can be utilized is 
that which can be recovered between 1,400°0F and 450°0F. The 
lower limit results from the 400°F electrostatic precipitator 


inlet requirement and the 50°F loss in the gas-conditioning 
tower duct. An alternative set of design conditions involves 
the use of boiler exit gas (at 450°F) to attemporate the inlet 
gases to 1,200°F. Under these conditions, 11,400 SCFM will be 
recirculated from the exit of each boiler to the uptake flue 
and mixed with 1,400°F flue gases. The resulting admixture, 
54,200 SCFM at 1,200°F, will be reintroduced to the waste heat 
boiler system. Steam generation rates for this modification are 
Slightly less than the nonrecirculation alternative. 


Using this technique, only the waste heat boiler size had to be 
increased to handle additional gas flow. Flow rates to the gas 
conditioning tower and electrostatic precipitator remain un- 
changed. 


Two items which can also influence energy availability are wet 
refuse and air preheating. Wet refuse can reduce the energy 
output since more heat is lost to water vaporization. Air 
preheating can increase the energy output by increasing the 
energy input, provided the energy used for preheating the air 
cannot be used more efficiently at another point in the cycle. 
Assuming 365 days per year of continuous operation, and includ- 
ing the effects of wet refuse and air preheating, the energy 
available for generation of electricity or cogeneration of elec- 
tricity and steam can be calculated. The equipment, however, is 
not in working condition 365 days per year. The reliability of 
the recovery equipment will thus affect the total energy 
extracted. 


To establish the total energy output, an energy availability 
model was developed. The model defines the total energy output 
available for electricity or steam generation, accounting for 
the effects of wet refuse, air preheating, and equipment re- 
ELAR ty. 


4.3.1 Wet Refuse 


Wet refuse presents a problem to all plants that incinerate 
municipal wastes whether the plant generates steam using waste 
heat boilers or not. Typically, municipal refuse has a moisture 
content of 20 to 35 percent. After periods of significant rain 
Or snow, the moisture content can increase substantially, de- 
pending on several variables such as the duration of the rain- 
fall, whether the refuse was covered or not, how long the refuse 
waS exposed, etc. 


Operating records at Southwest Brooklyn show that after periods 
of heavy rain, both the incinerator burn rate and primary com- 
bustion temperature decrease. The present mode of operation 
with wet refuse is to slow down the first grate (underfire air 
grate/drying grate) and to speed up the remaining grates. This 
decreases the amount of refuse burned, and attempts to maintain 
the combustion temperatures by "Spreading out" the refuse along 
the grates. 


The air flow into the incinerator is also regulated to maintain 
the temperature in the incinerator. Air flows can be adjusted 
manually, or automatically in the case of the underfire air. It 
is anticipated that this mode of operation will continue if the 
incinerators are modified to produce steam using waste heat 
boilers. The primary concern, from an energy recovery perspec- 
tive, is to maintain the incinerator temperatures and combustion 
gas flow rates. 


The influence of wet refuse was evaluated by the following inde- 
pendent techniques: 


l. A review of rainfall versus operating furnace 
temperatures at the Southwest Brooklyn and 
Betts Avenue Incinerators. 


2. Telephone interviews with personnel at other 
incinerator facilities that generate steam. 


3. An evaluation of additional oil-firing re- 
quirements at the Betts Avenue Incinerator 
during rainy periods. 


Appendix RD contains a detailed presentation of analysis proced- 
ures and results. 


A preliminary review of 1980 operating records of furnace No. 2 
at Southwest Brooklyn indicated that secondary chamber tempera- 
ture readings fluctuated greatly; on several occasions, low sec- 
ondary chamber temperatures (<1,000°F) were recorded on days 

of or days following rainfall in excess of 1.5 inches. A direct 
relationship could not be developed between precipitation and 
secondary temperature due to the interaction of many parameters 
(i.e., refuse delivery schedule, forced outages, etc.), and the 
lack of a comprehensive, long-term data base. 


Operating records at Betts Ave. (furnace temperature circular 
charts) were reviewed, as indicated previously, and provided an 
indication of the same general trend. On days when wet refuse 
waS noted by stationary firemen and engineers, furnace tempera- 
tures were generally depressed. 


Several telephone surveys were made to determine the influence 
of wet refuse on the operations at existing plants that burn re- 
fuse to produce steam. Operators at the Northwest Chicago, 
Illinois; Harrisburg, Pennsylvania; and Saugus, Massachusetts 
incinerators were contacted. 


The Chicago plant experienced a decrease in steam generation 
from 110,000 lbs/hr to 60,000 lbs/hr when wet refuse (collected 
after 2-3 inches of rain) was burned, or approximately a 50 
percent decrease in heat availability. At the Chicago plant 
the refuse throughput is slowed down, and the gas temperature 
is maintained as close to design as possible. Their experience 
is that proper operating temperatures can be maintained for 
light rainfalls by slowing the grate speed and fuel feed rates 
to allow the excess moisture to evaporate before reaching the 
portion of the grate where combustion occurs. With rainfalls 
greater than 2 inches, the wet refuse remains in the pit for 
several days in order to allow the water to drain out. Opera- 
tors at Harrisburg and Saugus did not report any significant 
problems with wet refuse. The Harrisburg plant burns municipal 
solid waste and some commercial waste. The Saugus plant has a 
very large furnace with a preheating area for refuse. Telephone 
survey memoranda for these plants are contained in Appendix D. 


A detailed evaluation of the operating records of the Betts 
Avenue Incinerator was undertaken. The analyses included cor- 
relations of steam generation, oil consumption, and refuse burn 
rates with respect to ambient temperatures and rainfall amounts 
for the period November 1976 through December 1979. The results 
of these analyses are presented in detail in Appendix D. The re- 
sults of the evaluation indicate a heat loss of approximately 20 
percent when burning wet refuse as compared to dry refuse. 


From the evaluations and phone surveys, the amount of heat loss 
due to wet refuse was estimated. The procedure utilized includ- 
ed levelizing the heat loss over the year. The heat loss due 

to burning wet refuse was assumed to be 50 percent for rainfall 
amounts greater than 1/2 inch. This 1/2-inch rainfall value and 
50 percent heat loss are both conservative, since the selected 
rainfall is lower than amounts which were observed to cause no- 
ticeable heat losses, and a 50 percent heat loss was ge 
than amounts observed or reported. 


4-10 


Weather data compiled by NOAA for the New York City area were 
obtained and analyzed to determine the incidence of rainfall in 
excess of 1/2 inch. During the period October 1976 through 
November 1980 there were 113 days on which the daily rainfall 
was 1/2 inch or more. These occurrences were Slightly more fre- 
quent in the spring and fall than in the summer and winter 
months. The annual average for the period examined was 28 days. 
It was further assumed that the probability that the refuse 
would actually be exposed to rain would be approximately half 
the time. It was therefore conservatively estimated that the 
refuse is exposed on the street 12 hrs/day. Based on this 
methodology, a 50 percent heat loss would be incurred, 3.8 per- 
cent of the time (28 days per year times 12 hours per day). 

This value represents a total levelized heat input loss of 1.9 
percent (0.5 x 3.8) over the entire year. During actual opera- 
tions, there is the possibility that a 50 percent heat loss will 
be incurred during certain rainfall periods. Since the data 
base does not allow an adequate prediction of the heat loss dur- 
ing these periods, they are not addressed directly in the energy 
availability model. Based on these criteria, the total absolute 
influence of wet refuse is included by decreasing the total en- 
ergy available by 1.9 percent over the entire year. 


4.3.2 Air Preheating 


Reported estimates(4) have indicated that at the design through- 
put of 250 tpd, the use of 250°F (as opposed to 70°F) under- 
fire air can increase the output of the steam generators. MThis 
increase is based on taking credit for the increased heat input 
into the boiler. 


Flue gas-to-air regenerative heat exchangers were studied and 
found to be unattractive for preheating because of their ex- 
pense, the extensive ductwork required, and the incidence of 
Plugging reported at other installations. Steam coil heaters 
were found to be the most compact, effective method to preheat 
the underfire air. The steam coils would be located inside the 
existing underfire air duct with a minimum amount of retrofit 
construction. The air side pressure drop across the coils re- 
quires installing larger underfire air fans.on each unit... Steam 
for the heaters would be drawn from the deaerator extractor pip- 
ing. Approximately 15,000 lbs/hr of steam would be extracted 

to preheat the air for all four incinerators when refuse mois- 
ture content exceeds 30 percent, followed by a corresponding 
drop in refuse heat content (refer to Appendix O, telephone mem- 
OLandum trom blackes Veatch, toi U.0O7P.,, 25 March 1982). 


Contacts with the manufacturer of the reciprocating grates in- 
stalled at Southwest Brooklyn revealed that conclusive data are 
not available to determine the influence of preheated air on 
grate stability and operating life.(2) The preheat tempera- 
ture, however, is well below the design temperature of the 
stoker components (bearings, etc.). 


For operational flexibility, underfire air preheaters have been 

included in the proposed design to help maintain the design tem- 
perature during periods of wet refuse. However, since the actual 
benefit gained using preheated air is not adequately substanti- 

ated, for conservative reasons any increase in steam generating 

capacity was not included in the model. 


4.3.3 Equipment Outages 


This subsection summarizes the approach used to determine the 
equipment outages, and total hours of operation. Present plant 
operation is a 5 1/2-day incineration cycle with no refuse fed 
Or burned from mid-Saturday through Monday morning. The re- 
source recovery concepts presented in this report are based on 
a 24 hrs/day, 7 days/week, 52 weeks/yr operation. The basic 
plant components were identified in order to establish the “be 
number of components that significantly impact the plant opera- 
tion. Figure 4-2 is a simplified flow diagram which shows the 
components included in the outage model and their availabili- 
ties. 


Based on their maintenance experience, the Department of Sanita- 
tion has indicated that each incinerator will be available 75 
percent of the year. The projected maintenance schedule indi- 
cates that each incinerator will be shut down every fourth 
Monday for routine maintenance and for an additional 45-day 
period each year for major overhauls. (6) The remainder of 

the projected incinerator outages are conservatively estimated 
to account for unscheduled maintenance. This number is consis- 
tent with outage records for the Greenpoint Plant (83.6 percent 
availability) for July 1962 through June 19697 and with 1980 
operating data for incinerator No. 2 (81.9) percent avallabilaaws 
at the Southwest Brooklyn plant. Therefore, it is reasonable to 
expect that the availability of each incinerator and waste heat 
boiler will be at least 75 percent. 
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To increase the availability of the energy recovery system, re- 
dundant equipment arrangements are recommended for the steam 
generation equipment and balance of the plant portions of the 
facility. The proposed design of the condensate pump, boiler 
feed pump, and circulating water pump systems each include two 
full capacity pumps in order to ensure continued plant operation 
without incurring unreasonable capital expenditures. These 

pumps are critical to the operation of the steam plant. There- 
fore, duplicate full-capacity pumps are included. The availabil- 
ities shown for all of the other equipment were based on Edison 
Electric Institute and Nuclear Plant Reliability Data System in- 
formation for similar size equipment. 


The availability of each component is based on the probability 
that the equipment will be operational at a randomly-selected 
future point in time. Overall system availability for various 
relative energy outputs, defined by the system arrangement in 
Figure 4-2, are as follows: , 


Percent of Time 


Zero energy output 10 
25% energy output 4 
50% energy output 19 
75% energy output 38 
100% energy output 29 


The calculations associated with this analysis were performed 
in accordance with the IEEE "Guide for General Principles for 
Reliability Analysis of Nuclear Power Generating Station Pro- 
tection Systems," IEEE standard 352-1975 (ANSI N41.4), and are 
presented in Appendix E. An analysis of total annual refuse 
throughput, based on furnace availability, is presented in Ap- 
pendix E, Table E-2. It is anticipated that approximately 
240,000 tons/yr of refuse will be incinerated. 


Scheduled maintenance of the equipment can be planned in order 
to minimize the impact on plant operations and the number of 
personnel required. For example, the Department of Sanitation 
contemplates the aforementioned routine maintenance and major 
overhaul schedule. The other plant equipment can be maintained 
On a schedule similar to the one contemplated for the incinera- 
tors. Therefore, the availability model takes into account all 
expected scheduled maintenance as well as forced outages. The 
total plant outages are levelized throughout the year in the 
energy availability model. 


4.3.4 Energy Availability Model 


The energy availability model for the plant can be determined 
from the energy availability estimates and the anticipated 
equipment performance. The model is shown on Figure 4-3. The 
model represents the total amount of heat that can be supplied 
by the waste heat boilers, based on the design conditions of 
42,800 SCFM of flue gas per furnace, and 1,400°F boiler in- 
put and 450°F output temperatures. Alternatively, the model 
is also representative of inlet boiler conditions of 1,200°F 
at 54,200 SCFM, with an exit temperature of 450°F. 


The model takes into account the effect of burning wet refuse, 
but does not include the additional heat input available when 
the underfire air is preheated. The levelized heat input loss 
of 1.9 percent attributed to wet refuse lowers the maximum 
energy availablevtrom 205 to, 20lemillioneBtu/hr.« The four 
levels of heat output represent the number of incinerators and 
waste heat boilers that are operating. The hours of operation 
at each heat output are based on availability calculations as 
summarized previously in subsection 4.3.3. The model is shown 
with four discrete heat output levels since it is anticipated 
that each incinerator will either be operated at the design of 
250 tpd, or will be out of service. The use of four discrete 
heat outputs also simplifies the electricity and steam-generat- 
ing capacity estimates. During actual plant operations, the 
energy availability will be a continuous curve based on vari- 
ances from the design temperature and air flow. The energy 
availability model as shown is, however, a realistic estimate 
of the average annual heat outputs and durations, and is based 
on conservative assumptions. 


Using the'availability assumptions just presented, the inciner- 
ator facility will process 273,750 tons of refuse per year. 
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SECTION 5 
STEAM MARKET ANALYSIS AND DISTRICT HEATING CONCEPT DESIGN 


5.1 MARKET STUDY AREA 


The area surrounding the Southwest Brooklyn Incinerator is 
comprised mainly of residential units with some commercial 
establishments. Land use in the study area (defined by a 
3/4-mile radius from the incinerator) is estimated to be 50 per- ° 
cent residential and 25 percent commercial. The remaining area 
may be classified as municipal, comprised mainly of the Dreier- 
Offerman Park. The study area is bisected by a section of the 
Belt Parkway; all of the residential units addressed in this 
study lie on the opposite side from the incinerator complex. 


The residential area is currently zoned R4, R5, and R6 which 
allows medium- and high-density housing. A small percentage of 
this area is zoned C8-1 for light commercial establishments. 

The area including and immediately to the north of the incinera- 
tor complex is zoned M3-l and is available for heavy industry 
such as foundries, power plants, or chemical manufacturing. The 
area to the south is zoned Ml-l, which allows lighter industrial 
establishments, and C3, which is a commercial zone (Figure 5-1). 


5.2 MARKET SURVEY 


Consultations were held with the New York City Planning Board 
and Community Board No. 11 to identify and locate suitable con- 
sumers of significant quantities of energy. The heating re- 
quirements of large apartments and institutions were obtained 
primarily by telephone interviews with maintenance personnel 
and/or management. A windshield survey was also performed with- 
in the study area to identify any additional establishments 
which might have been overlooked. Heating requirements for pri- 
vate residences were obtained from local oil suppliers and 
Brooklyn Union Gas Company. The Brooklyn Union Gas Company also 
provided detailed statistics on the number of residences in the 
area, and the heating requirements for various types of homes. 
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Energy consumers identified within the study area were divided 
into three categories: 


1. Major consumers -- All establishments with an 
annual energy consumption greater than 10,000 
Matieh Ole 6 Cis 


2. Intermediate consumers -- Residences and estab- 
lishments with annual heating requirements between 
800-10, 00OO.mitlion Btu. 


3. Private residences -- Lower density housing (less 
than 16 residences per building) with an annual 
heating requirement less than 800 million Btu. 


A summary of the total annual heating requirements for the 
study area is presented in Table 5-1. Significant energy 
consumers from all categories are shown on Figure 5-2. 


1 
5.2.1 Major Consumers 


Major consumers were defined as establishments in the area with 
a space heating requirement in excess of 10,000 million Btu/ 
year. The 10 major consumers described in this subsection and 
listed in Table 5-2 represent approximately 41 percent of the 
study area heat load, or 5 percent of the total heat output of 
the incinerator. 


Contello Towers 


Location: 2600 Cropsey Avenue 

Map reference No.: 1 

No. residents: 1,850 

Type fuel: Oil 

Type heating system: Steam 

Annual heating requirement (million Btu): 66,200 


ls ubsequent towchne Completion@oe this report, construction, of 7a 
162-unit condominium complex was begun in the R4 zone, approxi- 
mately 1/4-mile southeast of the incinerator. In addition, a 
large new car dealership was completed on Shore Parkway, adja- 
cent to the entrance to the incinerator. The annual heating re- 
quirements and district heating load duration curves presented 
in this report do not include these additional loads. 


Table 5-1 


Total Annual Heating Requirements in Study Area 


Consumer Group Annual Heating Requirements 
Million Btu 
Major consumers 200,600 
Intermediate consumers 46,180 
Private residences 248,150 
Total ‘ 494,930 
Taplexo-2 


Major Energy Consumers in Study Area 


Location Annual Heating Requirements 
million Btu 

Contello Towers 66,200 
Regina Pacis Residences 10,100 
JHS 28 | 15,400 
Sephardic, Home 24,400 
Lawson Institute 11,200 
Korvette's 11,000 
Sanitation Garage 18,000 
Bus Garage 20,000 
Fountainbleu Apartments Ar ON 
Oxford Apartments , L120 0 

Total 200,600 
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11. 2213 Cropsey Ave. 
12. 8835 23rd Ave. 
13. 2316 Cropsey Ave. 
14. 275 Bay 37th St. 
15. 2121 Shore Pkwy. 
16. Waldbaum's 
17. Brooklyn School 

for Special Children. 
18. Bus Garage 


"= 1,000’ (approximate) 


MAJOR & INTERMEDIATE ENERGY CONSUMERS 
ey 


Regina Pacis Residences 


Location: 2424 Cropsey Avenue 

Map reference No.: 2 

No. residents: 330 

Type fuel: Interruptible gas 

Type heating system: Steam 

Annual heating requirement (million Btu): 10,100 


JHS 281 


Location: Bay 37th Street and Harway Avenue 

Map reference No.: 3 

No. students: 1,700 

Type fuel: Oil 

Type heating system: Steam 

Annual heating requirement (million Btu): 15,400 


Sephardic Home for the Aged 


Location: 2266 Cropsey Avenue 

Map reference No.: 4 

No. residents: 176 

Type fuel: Interruptible gas 

Type heating system: Steam 

Annual heating requirement (million Btu): 24,400 


Lawson Life Extension Institute 


Location: 2300 Cropsey Avenue 

Map reference No.: 5 

No. residents: 245 

typewnuels, FOrL 

Type heating system: Hot water 

Annual heating requirement (million Btu): 11,200 


Korvette's (temporarily occupied by a flea market) 


Location: Bay Parkway Shopping Center 

Map reference No.: 6 

No. residents: N/A 

Type fuel: Gas 

Type heating system: Hot air 

Annual heating requirement (million Btu): 11,000 


Sanitation Garage (proposed) 


Location: Bay 4lst and Shore Parkway 

Map reference No.: 7 

No. residents: N/A 

Type fuel: To be determined 

Type heating system: Hot water 

Annual heating requirement (million Btu): 18,000 


Bus Garage 


Location: 25th Avenue and Harway Avenue 

Map reference No.: 18 

No. residents: N/A 

Type fuel: N/A 

Type heating system: N/A 

Annual heating requirement (million Btu): 20,000 


Fountainbleu Apartments 


Location: 8855 Bay Parkway 

Map reference No.: 8 

No. residents: 380 

Type fuel: Interruptible gas 

Type heating system: Steam 

Annual heating requirement (million Btu): 13,100 


Oxford Apartments 


Location: 188 Bay 38th Street 

Map reference No.: 10 

No. residents: 350 

Type fuel: Oil 

Type heating system: Steam 

Annual heating requirement (million Btu): 11,200 


5.2.2 Intermediate Consumers 


Several smaller establishments with annual heat consumption be- 
tween 800-10,000 million Btu/year are listed in Table 5-3 and 
located on Figure 5-2.° In most cases, heating requirements 
have been estimated using information supplied by Brooklyn 
Union Gas and local fuel oil suppliers. The total annual heat- 
ing requirement for this subgroup is 46,180 million Btu, or 9 
percent of the total area heating requirement. 
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Table 5-3 


Intermediate Energy Consumers in Study Area 


Consumer Annual Heating Requirements 


million Btu 


Multifamily Apartments 


2213 Cropsey Avenue (36 units) 2,880 
8835 23rd Avenue (30 units) 2,400 
275eBay 3: 7theStreeh. 1(738 unizs) 6,240 
2316 Cropsey Avenue (22 units) 1,760 
2121 Snore Parkway (105 units) 8,400 


Commercial and Institutional Establishments 


Brooklyn School for Special Cnildren 8,500 

Waldbaum's 8,500 

Bayview Manor in tap 7,500 

Total 46,180 
Table 5-4 


Heating Requirements of Private Residences in Study Area 


Annual 

Annual Heating Total Heating 

Residence Requirement Nows,0f Units Reguirement 

Midd Onwe cu million» Ben 
One family 19 350 45,150 
Two family 150 660 99,000 
Tnree-five family 400 200 80,000 
Six-15 family 800 30 24,000 
Total 1,240 248,150 


5.2.3 Private Residences 


Private residences were grouped to include residential build- 
ings containing less than 16 apartments with an annual heating 
requirement less than 800 million Btu per building. One- and 
two-family residences comprise 81 percent of this group; three- 
to five-family buildings comprise 17 percent. A more complete 
breakdown is presented in Table 5-4. From information supplied 
by Brooklyn Union Gas, it was estimated that over 90 percent of 
these residences utilize steam heating systems. These figures 
were confirmed in conversations held with local suppliers of 
residential fuel oil and local real estate brokers. Gas is the 
predominant fuel source in this area, used by over 60 percent 
of the private residences. The remainder can be assumed to be 
Oil-heated since electric space heating in residential buildings 
is practically nonexistent in this area. The total heating re- 
quirement estimated for this group of private residences (1,240 
units) is 248,150 million Btu/year, or 50 percent of the study 
area heat load. 


5.2.4 Future Development 


At the time this study-was performed, a large new car dealer- 
ship was under construction on Shore Parkway, east of the 
incinerator. Plans for the adjacent vacant lands include the 
construction of a racketball facility, and the previously men- 
tioned Sanitation Department garage. 


Dreier-Offerman Park lies on the southern boundary of the study 
area. At the present time, this area is undeveloped and no 
plans for improvement are pending with the Community Board. 


Some lot CleneAtTING (SYSTEM 


District heating is a proven technology for supplying space and 
hot water heating requirements uSing a thermal energy network. 
Steam or hot water produced in one or more central generating 
stations is used to supply a portion of, or the entire heating 
energy requirements of residential, commercial, and industrial 
buildings within a specific area. 


Although systems of this type have been used in the United 
States since the late 19th century, inexpensive and seemingly 
"infinite" supplies of energy prevented their full development. 
Recent fluctuations in the price and availability of fossil 
fuels have caused a resurgence in development of alternative 


energy systems. 


Over 300 district heating and cooling projects are in various 
stages of development in the United States. In contrast, the 
U.S.S.R. has approximately 70 times the installed capacity of 
the U.S. Modern, large-scale district heating systems are a 
major part of the national energy plans of Denmark, Sweden, 
France, and West Germany. 


In order to evaluate the economic feasibility of installing a 
district heating system in the study area, two alternatives were 
developed. The first alternative, or full steam loop, utilizes a 
series of steam headers and laterals installed in the residen- 
tial area directly across the Belt Parkway from the incinerator 
to supply steam to virtually all users within a three-quarter 
mile radius of the incinerator. The second alternative, or par- 
tial steam loop, utilizes a steam header connected to major en- 
ergy consumers located on or adjacent to Cropsey Avenue. Both 
systems include condensate return lines. | 


Heat generated by the combustion of refuse in the furnaces will 
be converted to process steam by a series of waste heat boilers. 
Depending on the heating demand, this steam will be used to gen- 
erate electricity or passed through an evaporator to generate 
steam for distribution to the heating system. 


5.3.1 Load Duration Models 


National Oceanic and Atmospheric Administration (NOAA) weather 
data for 1980 were analyzed to determine the length of the heat- 
ing season and the ratio of peak/average heating loads. These 
data were provided so that the feasibility of steam extraction 
from the turbine and transmission requirements could be evaluat- 
ed under steam demand conditions. 


The number of heating degree-days in 1980 (based on 65°F) was 
within 5 percent of the average value reported in the ASHRAE 
guide, making 1980 a representative year. This analysis resulted 
in a total heating season of 5,600 hours, with a peak-to-average 
ratio of 2.76. Total energy demand for 1980 was averaged over 
the entire heating season to obtain the levelized flow rate. The 
remainder of the duration curve was synthesized using a cumula- 
tive frequency analysis of degree-days in 1980. A histogram of 
these data is presented on Figure 5-3. 


Load duration models for each of the two alternative district 
heating systems presented on Figures 5-5 and 5-7, respectively, 
were developed using the degree-day histogram (Figure 5-3) to 
correspond to the actual connected load. The average hourly 
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flow rate for each alternative was multiplied by °2.°/6 "to "Opreau 
the peak value; the remaining points on the curve were computed 
using the proportions developed in the degree-day histogram. 


Sete MerUlL DES Ceameboop 


The portion of the study area incorporated into this alterna- 
tive is illustrated on Figure 5-4. This layout provides heat 
for all major energy consumers in the study area, with the ex- 
ception of the Korvettes' shopping center. Although this center 
lies approximately 2,500 feet from the incinerator, it was not 
included due to its relatively low population density and the 
incompatibility of its existing direct- ce heating equipment 
with utility steam. 


As proposed, this system incorporates nine of the major energy 
consumers listed in Table 5-2, seven of the multifamily apart- 
ments listed in Table 5-3, and approximately 1,200 private resi- 
dences. Total average heat consumption for this layout is ap- 
proximately 83,000 pph of steam (83 million Btuh), based on a 
5,600 hour/year heating season. The load duration model for 
this alternative is illustrated on Figure 5-5. 


Under actual operating conditions, the relative magnitude of 

the peak load may be substantially reduced since it is unlikely 
that all heating equipment will be in use at the same time. 
Empirically, this peak will be reduced by 20 - 25 percent (/ 
however, due to the possibility of industrial expansion in the 
adjacent area, no reduction was made on the peak demand for this 
alternative. 


5.3.3 Partial Steam loop 


As may be seen on Figure 5-l, almost all of the major energy 
consumers lie on or adjacent to Cropsey Avenue. This alterna- 
tive, aS illustrated on Figure 5-6, was prepared to evaluate the 
economic feasibility of supplying energy to a select area. 


The load duration model for this alternative is presented on 
Figure 5-7. Average steam demand for this alternative is 
34,800 pph (34.8 million Btu/hr). System head losses require a 
minimum generating pressure of 53 psig at the plant. As men- 
tioned previously, due to the relative ease of expansion, no 
peak reduction factor was applied to the load model. 
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FIGURE 5-4 FULL STEAM LOOP 
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5.4 CAPITAL COST ESTIMATES 


Capital cost estimates for both district heating alternatives 
are presented in Tables 5-5 and 5-6. The costs presented for 
district heating only include transmission and distribution 
costs; those costs associated with the generation of steam and 
transfer to the distribution system are presented in Sections 6 
and 7. Detailed descriptions of the major components are pre- 
sented in the following subsections. The costs presented assume 
that steam can be supplied to the users without any Biignis Gicainit 
modifications within the building. 


5.4.1 Steam Header and Condensate Return 


For both alternatives, the steam supply and condensate return 
piping will be carbon steel pipe conforming to ASTM A53 grade A 
or B. For the full steam loop, the supply header and conden- 
Sate return pipes were assumed to be 14-inch and 8-inch diame- 
ter, respectively. The partial steam loop design assumed 10- 
inch and 4-inch diameter carbon steel piping, as above, for the 
Supply and condensate return lines, respectively. Both pipes 
will be covered with 3 inches of mineral wool insulation to min- 
imize transmission losses. 


Access manholes with isolation valves will be provided at 400- 
foot intervals in the distribution system. Expansion joints 
will be fitted at each manhole to relieve stress caused by 
thermal expansion and settlement of the transmission and return 
lines. Inspection wells will be furnished at 200-foot intervals 
along the supply main in order to maintain the dirt legs and 
condensate collection equipment installed at these points. This 
equipment will include strainers, steam traps, and all associat- 
ed fittings. Condensate collected in these traps will be dis- 
charged to the condensate return lines. 


All connections in the piping system will be made using carbon 
steel butt welds. Nondestructive random radiographic inspection 
techniques will be employed to ensure the integrity of the con- 
nections. 


Both supply and return lines will be installed in a common 
trench, using left-in-place sheeting as per New York City 
specifications. Cathodic protection devices will be installed 
iieeneecrencnu to retard Corrosion of the supply and return 
piping. Select backfill and pavement/roadway restoration will 
also be provided. 


Table 5-5 


Capital Cost Estimate -- Partial Steam Loop 
Item Cost 
Steam header and condensate return piping $3,613,000 


Branch laterals to major and intermediate consumers 1,100,000 


Hookups 
Major consumers 50,000 
‘Intermediate consumers 7 | 12,000 


Energy flow meters 


Major consumers 35,000 
Intermediate consumers 12,000 
Total | $4,822,000 


Table 5-6 


Capital Cost Estimate -- Full Steam Loop 
Item Cost 

Steam header and condensate return piping $a 9, .0157,200 0 
Branch laterals to major and intermediate consumers Uae Ae 
Private residence supply and return piping. 3,933,000 
Hookups 

Major consumers 707000 

Intermediate consumers 90,000 

Private residences 968,000 


Energy flow meters 


Major consumers 49,000 
Intermediate consumers | 90,000 
Private residences Spooo, 000 

3 Total $25,455,000 


5.4.2 Branch Laterals 


Branch laterals to major and intermediate consumers were 
assumed to be 4-inch diameter supply and 1 1/2-inch diameter 
condensate return lines for cost estimating purposes. Actual 
branch piping requirements will be developed in the detailed 
design of the distribution system. 


Line items in the cost estimates for branch laterals include 
Materials, excavation and sheeting, installation labor, 
fittings, and pavement restoration. 


5.4.3 Private Residences Supply Piping 


Supply and return lines for private residences were assumed to 
be 2-inch and 3/4-inch diameter, respectively. Line items for 
this supply piping include materials, excavation, installation 
labor, fittings, and pavement restoration. 


5.4.4 Hookups 


Individual consumer hookups were divided into categories based 
On consumer usage. Hookups for major, intermediate, and private 
consumers were developed from conversations with steam boiler 
manufacturers. Line items for each of these categories include 
thermostatically-controlled solenoid valves, pressure reduction 
valves, foundation penetrations, and installation. 


5.4.5 Energy Flow Meters 


For cost estimating purposes, energy meters of the electronic 
integrating type with dc battery back-up were used. Major con- 
sumers, such as high-rise apartments, were estimated using one 
central meter for the entire system. Individual apartments 
could be fitted with evaporative meters to provide equitable al- 
lotment of heating costs. 


SECTION 6 
WASTE HEAT BOILER AND TURBINE CONCEPT AND COSTS 


6.1 INTRODUCTION 


This section discusses the waste heat boilers, turbine genera- 
tor, and balance of the plant equipment used to estimate the 
performance and costs associated with the proposed incinerator 
modifications. This section also contains an assessment of the 
condition of the existing incinerator, a discussion of potential 
boiler corrosion problems during energy recovery operations, and 
the influence of corrosion concerns on design parameters and 
configurations. Since numerous plant arrangements and configura- 
tions are possible, this section also addresses the philosophy 
behind equipment selections and arrangements. The basic philos- 
ophy used to select equipment arrangements was to maximize the 
reliability of the plant at a reasonable cost. 


As previously presented, two alternative refuse-to-energy con- 
cepts were selected for evaluation in this scope of work: 


Ls? PKyoduetion of electricity. 


2. Cogeneration of electricity and steam for dis- 
tribution in a district heating system. 


Both of these concepts incorporate mass-burning of "as received" 
refuse. No pretreatment such as classification or shredding 
will be incorporated into the selected alternative. The residue- 
handling equipment will remain essentially unchanged by the 
addition of any waste heat recovery equipment. The present air 
pollution control equipment will be modified with the installa- 
tion of breeching and dampers to accommodate the installation of 
the boilers in the flue gas stream. 


yer ASSESSMENT OF SOUTHWEST BROOKLYN INCINERATOR CONDITION 


The feasibility of retrofitting an existing facility to recover 
waste heat is, for the most part, dependent on the condition of 
the existing installation. A facility in poor condition would 
require increased capital expenditures to upgrade it to a condi- 
tion that would not constrain the energy recovery operation and 
increase its operating costs. A tour of the Southwest Brooklyn 
Incinerator was undertaken(24) to assess its overall condition 
and to outline requirements that could affect energy recovery. 


gels 


The examination was undertaken by dividing the facility into ma- 
jor equipment items and major construction items, as follows: 


l. Major Equipment Items. 


an mocales; 

b. eeCranes, 

c. Furnaces. 

dv Manse 

e. Air pollution control. 
f. Residue removal system. 
gs. Instrumentation. 

h. Flues and ductwork. 


2. Major Construction Items. 


aa BbuULraing’s 

bo | Tipping@area. 

Cw. COLage sy VC 

d. Refuse hoppers. 

e. Offices. 

f. Employee facilities. 
Gen “oCacks. 


The results of this Survey are presented in Table 6-l. This tab- 
le highlights both the condition of the equipment and the status 
of corrective action being undertaken, if any, along with re- 
quired activities as they relate to energy recovery. 


In summary, except for some present difficulties with the new 
air pollution control equipment and excessive infiltration, the 
facility is in good condition. It is assumed in the remainder of 
the report that all ongoing activities will be completed by the 
City. Only renovations directly related to implementing energy 
recovery are addressed. 


6.3 CORROSION CONCERNS 
The degree of corrosivity of gases generated during the combus- 
tion of municipal refuse raises issues which affect numerous 


considerations. These include the following: 


1. Temperature of the flue gases entering and exiting 
the waste heat boiler. 


2. Steam temperature and pressure conditions. 


Item 


Major Equipment Items 


ae 


b. 


C. 


a le 


Scales 


Cranes 


Furnaces 


Fans 


Table 6-1 


Status/Condition 


City in process of reno- 
vating and enlarging 
scale size 


Two overhead cranes -- 
Good Condi cion. 


Furnaces. and grates were 

installed in 1976 and are 
in good condition. Recent 
ORSAT tests indicate in- 

filtration in the expan- 

sion chamber. Visual sur- 
vey revealed potential 


leakage where the ductwork 


enters the furnaces. Sig- 


nificant heat loss is evi- 


dent through the top of 


the furnaces where record- 
ed ambient air temperature 


is well over L00°F. The 


City is presently evaluat- 
ing all leaks to reduce in- 


duced draft fan power re- 
quirements. 


Existing fans are in good 
COnase loll. 


Existing Incinerator Status and Requirements 


Required Activities 


None 


None 


Seal primary chamber 
leaks in ductwork, 
and insulate tops of 
furnaces to minimize 
heat losses. 


Fans will be re- 
placed or modified 
to accommodate waste 
heat boiler and air 
preheater require- 
ments, included in 
SUbDSeCt Lon. 6.0. 6 


Item 


e. APC 


f. Residue removal 


g. Instrumentation 


Dee eM Lue mand eauct 
equipment 


Table 6-1 
(continued) 


Status/Condition 


The City is presently 
testing@arr pollutioncon= 
trol equipment in order 

to start up operation. 
Difficulties have been en- 
countered, which include 
clogging.of gas condition- 
ing tower spray nozzles 
and inadequate tower in- 
sulation. Ine City is 
presently trying to iso- 
late the cause of the 
problem and negotiating 
with responsible contrac- 
tors. 


Conveyors, flights, and 
chains in good condition. 


Forced air fan flow meas- 
urements are unreliable; 
adequacy in number and lo- 
cation of temperature 
probes for monitoring the 
furnace temperature pro- 
file is questionable. 


The air pollution control 
train is new -- installed 
in 1977 in forced air fan 
system. Guillotine damp- 
ers are a major source of 
leaks which the City is 
investigating to reduce 
induced draft fan power 
requirements. 


Required Activities 


Potential problem 
with” thevalr pea 
lution contres 
equipment will have 
to be reevaluated 
with respect to its 
effect on this proj- 
ect after the City 
completes its anal- 
ysis. 


None 


The existing in- 
strumentation is in- 
adequate for the 
Purposes of the new 
facility, (ate 
have to be replaced; 
see subsection 
Os San 


Seal leaks in sys- 
tem; new design will 
require rerouting 
and some new duct 
work; 

Geer 


see subsection 


Item 


Table 6-1 
(continued) 


Status/Condition 


Major Construction Items 


ae 


Building 


Tipping 


Storage 


Refuse hoppers 


Offices 


Employee facili- 
ties 


Stack 


Sound condition. 


Good condition, adequate 
space for 4-6 dumping 
spots; adequate for 1,000- 
tpd operation. 


Good condition, adequate 
for 2-3 days of storage. 


Good condition. 


Office space is availa- 
ble. 


Present incinerator pay- 
POWMStCSl -1S07os otaLt 
has ranged from 78-95; 

115 lockers are available. 


Minor structural damage 
in one stack, presently 
being planned for repair 
bye-thes CLiy. 


Required Activities 


Will require struc- 
tural modification; 
see subsection 

6.9. 9. 


None 


None 


None 


Will require appro- 
priate partitioning 
for operating com- 
ponents. 


Presently adequate 
for 30-40 more per- 
sonnel. 


None, given stack 
repair. 


3. Boiler configuration, operation, and construc- 
tion materials. 


Design considerations such as flue gas and steam temperatures 
are addressed in detail in this subsection. Other considerations 
such as boiler configuration and materials of construction are 
addressed briefly but warrant more detailed evaluation during 
the engineering design. 


Previous studies (257 26) have examined corrosive constituents 
in munts tHe refuse incinerators, and the combined corrosive ef- 
fects of these constituents under the temperature ranges 
that are encountered in conventional municipal incinerators and 
municipal incinerators that utilize waste heat boilers. 


Severe corrosive conditions result from the presence of chlo- 
rides and sulfur-bearing metallic salts in scale deposits that 
form on metallic surfaces. Chloride salts are generated via hy- 
drogen chloride in the combustion of chlorinated plastics (PVC), 
and are also volatilized directly from chloride salts during the 
combustion process. Sulfur, which is normally found in refuse 
(O.1 - 0.15 percent by weight), reacts with oxygen and ash min- 
erals to produce sulfates. Ferric chloride (FeCl2), potassium 
pyrosulfate (K9S707), potassium bisulfate (KHSO4), as well as 
lead (Pb) and zinc (Zn) chloride and sulfate salts detected on 
metal surfaces are believed responsible for much of the identi- 
fied corrosion. The presence of lead and zinc chloride and sul- 
fate salts aggravate the problem because of the low melting 
points of these salts which enhance galvanic corrosive activity. 


Metallic corrosion in municipal incinerators with convection or 


waterwall boilers has been shown to be temperature depend- 
ent. (27) in general, the corrosivity of the metallic salts gen- 


erated increases rapidly at metal tube temperatures greater than 
600°F, The most corrosive salts at 600°F are the bisulfates 

and pyrosulfates. Chloride corrosion increases rapidly at tem- 
peratures greater than 800°F. Municipal refuse incinerators 
generating steam have experienced less boiler tube corrosion 
when generating low pressure and temperature steam (300°- 

400°F), with low waste heat gas temperatures than those gener- 
ating superheated steam. 


In addition to corrosion resulting from chloride and sulfur- 
bearing salt compounds, condensation of corrosive sulfur and 
chloride gases (dew point corrosion) can result in the formation 
of sulfuric acid (H2S04) and hydrochloric acid (HCl) at 


their respective dew points (approximately 300°F and 225°F, 
respectively). Corrosion can also result from hydrogen sulfide 
(H2S) and carbon monoxide (CO) gases, produced by incomplete 
combustion, which attack the iron oxide or SAAS Aha coating of 
metal tube surfaces. 


Dew point corrosion of waste heat boiler tube surfaces can be 
Prevented by maintaining an adequate temperature throughout the 
flue gas flow scheme. Reducing atmospheres can be prevented by 
supplying a proper fuel-to-air ratio that provides sufficient 
oxygen for complete combustion. Adequate turbulence will prevent 
the formation of dead spots where a reducing atmosphere can 
form. Mitigating measures for chloride and sulfur-bearing salt 
corrosion warrant design and operating conditions that minimize 
Slag formation on the boiler tubes and maintain metal tube tem- 
peratures as low as possible. 


A survey of European and United States boiler vendors was under- 
taken to review their suggestions concerning design and operat- 

ing steam temperatures and pressures for sSuperheated steam gen- 

eration in municipal refuse combustion applications. The results 
of this survey are presented in Table 6-2. 


Every vendor expressed some degree of concern with respect to 
corrosion with superheated steam generation, and each offered 
comments with respect to minimizing its impact. One of the more 
notable differences was the recommended waste gas temperature, 
between 1,400°F and 1,200°F. The lower 1,200°9F temperature 

was recommended to reduce slagging on the boiler tubes and pre- 
vent the corrosive salt buildup. 


Field visits to three installations (see trip reports, Appendix 
L) with convection tube waste heat recovery applications were 
also undertaken to review potential operating problems. In gen- 
eral, the field visits yielded the following: 


1. Supplemented existing data relative to concern re- 
garding the severity of chloride corrosion (see 
Phelps-Dodge trip report, Appendix L). 


2. Verified waste heat recovery feasibility at high 
temperature waste gas applications (see Chevron 
trip report, Appendix L). 


3. Illustrated waste heat recovery applications uti- 
lizing municipal refuse with the recycling of spent 
boiler gases to attemperate the waste heat gas tem- 
perature. 


Vendor 


Deltak 


Zurn 


Bigelow 


Enotherm 


Vo lund 


Kat y-Seghers 


Table 6-2 


Recommended Design Parameters for Generation 
of Superheated Steam 


1,400 


1,400 


-1,200 


1,200 


1,200 


Steam 

Pressure 
Temperature 

: fe) 

psig F 

6 00 750 

450 600 

250 500 

650 700 

650 700 
250- 650-700 
450 

650 650-700 

600 6 00 


280-300 


280 


284 


Other Comments 


Concern with high degree of 
superheat; prefer lower super- 
heated temperature conditions. 
Double-walled tubing available 
to prolong life of tubes. 


Not as concerned as Deltak, 
but high degree of superheat 
could cause problems. Silicon 
carbide protection available 
for boiler tubes. 


Concern over superheated cor- 
rosion of screen tubes, sacri- 
ficial superheater tubes are 
available that can be easily 
replaced. Split superheater 
available with first stage 
made of special alloy and sec- 
ond stage of carbon steel 
Placed back into boiler. 


Corrosion not major problem 
with steam temperature less 
than 750°F, 


1,200°F maximum waste gas 
temperature to prevent slag- 


‘ging in convection section. 


Attemperator available in con- 
vective superheater section to 
control sSuperheater tempera- 
ture. 


4. Illustrated the use of wall cooling air for under- 
fire preheating (see Pittsfield trip report, Appen- 
fe Oye 


It is apparent from the literature, vendor surveys, and field 
trips that the effects of corrosion cannot be completely elimi- 
nated and the goal of the design should be to minimize the se- 
verity of corrosion by proper operating techniques, temperature 
control, and metallurgical considerations in the selection of 
boiler materials. 


6.4 OPERATIONAL DESIGN CONSIDERATIONS 
On the basis of the previous review outlined in subsection 6.3, 
recommended operating parameters for the waste heat Tene MS: de- 


Sign are as follows: 


Waste gas waste heat boiler inlet temperature re 


Steam pressure 650 psig 
Steam temperature 750°F 
Feedwater temperature 280°F 


The waste gas temperature will be reduced from 1,400°F in the 
secondary chamber to 1,200°F by recycling approximately 11,400 
SCFM of 450°F exit gases from the boiler, and bleeding ambient 
air back into the ductwork between the secondary chamber and 
boiler inlet, as required (See Figure 6-4). This is designed to 
reduce and/or eliminate the builduip of slag on the boiler 
tubes, and to provide operational control over waste gas temper- 
ature. More detailed design considerations will be required to 
assess material requirements, attemperating superheaters, sacri- 
Etcilal Superheater tubes, and double-walled tubing proposed by 
various vendors in the engineering design (see Section 10). 


For the purposes of this study, it has been assumed that the 
boiler internals will have a service life of 12.5 years. 


SeoeeuusC LR Gr ywONL Yeas CONCEPT ANDSCOSTS 


In this alternative, the entire steam output of the waste heat 
boilers will be used in the generation of electricity for dis- 
tribution to Consolidated Edison's nearest substation. A simpli- 
fied flow diagram of the electricity generation system is illus- 
trated on Figure 6-l. A general equipment layout is presented on 
Figure 6-2. Descriptions of the following major components of 
this system are presented: 


1. Waste heat boilers. 
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2. Turbine generator. 


3. Feedwater cycle. 


4. Heat rejection equipment. 

5. Auxiliary equipment. | 

6. Water treatment equipment. 

7. Controls and instrumentation. 

8. Electrical equipment. 

9. Structural requirements. 

10. Fly ash conveying system. 
6.5.1 Waste Heat Boilers 


Flue gases produced by the combustion of refuse in the furnace 
will be conveyed from the existing secondary chamber to the 
waste heat boilers by a new vertical breeching connection locat- 
ed in the drop-out section immediately beyond the exterior in- 
cinerator building wall. A boiler gas recirculation system will 
utilize exit gases (at 450°F) to attemporate the 1,400°F | 
flue gases. Flue gas will enter the boilers at approximately 
1,200°F and exit at 450°F, generating approximately 45,500 

pph of superheated steam (700°F, 650 psig) per furnace. Each 

of the four furnaces will be equipped with an identical waste 
heat boiler. 


The four boilers will be of the bare water tube type with carbon 
Steel jackets specifically designed for "dirty" flue gas appli- 
cations. The boilers will be furnished with a replaceable econ- 
omizer and superheater section, fly ash hoppers, mud drums, in- 
sulation, pneumatic soot blowers, and boiler trim. 


Each boiler will be of steel shell construction, insulated and 
aluminum-jacketed, approximately 12 feet wide, 16 feet high, and 
45 feet long, including the economizer and superheater sections. 
Two fly ash removal hoppers will be furnished on each unit. The 
total weight of each boiler, including water, is approximately 
320,000 pounds. Feedwater pumps will supply treated process 
water to the boilers. Steam produced in the boilers will be 
piped to the turbine; the condensate will be returned as part of 
the closed cycle. 


Flue gases will be recirculated through a carbon-steel, exter- 
nally-insulated duct back to the uptake flue to the boilers. Ap- 
proximately 11,400 SCFM (at 450°F) will be recirculated. An 
induced-draft fan, powered by a 30-hp drive will be supplied to 
recirculate the gases. Provision will be made to introduce am- 
bient air into the recirculation system to allow greater opera- 
tional flexibility. 


The cooled flue gases exiting from the waste heat boilers will 
be conveyed back to the existing gas-conditioning tower by new 
externally-insulated carbon steel breeching. Under normal oper- 
ating conditions, the gas-conditioning tower will act as an ex- 
tension of the exhaust breeching and serve to convey the cooled 
flue gases to the electrostatic precipitator. 


In the event that the flue gas moisture content drops to the 
point of detrimentally affecting the particulate collection ef- 
ficiency of the electrostatic precipitators, moisture can be 
addded to the flue gas by the spray nozzles to condition the 
gases. The resultant drop in flue gas temperature will be offset 
by the additional insulation thickness specified over the tem- 
perature differential allowed; the tower will also serve as an 
additional particulate drop-out section. Under boiler bypass 
conditions, (whenever the boiler exit temperature falls below 
450°F), the hot flue gases will be diverted through the gas 
conditioning tower and the water sprays in the tower will be 
automatically activated to cool the flue gases prior to their 
introduction to the precipitator. 


Insulation will be applied to the exterior of the gas-condition- 
ing tower to minimize heat loss. In this manner, the amount of 

heat extracted in the waste heat boilers can be maximized with- 

out subjecting the precipitator internals to potential corrosion 
caused by low inlet gas temperatures. 


The installation of the waste heat boilers and associated duct- 
work will require modification of the existing induced-draft fan 
and drive to overcome the additional system pressure drop re- 
ported in subsection 4.2.2.3. 


6.5.2 Turbine Generator and Accessories 


The basic turbine arrangement consists of one turbine generator 
which is supplied with steam from all or any combination of the 
waste heat boilers. Based on economy of scale estimates, this 
arrangement was chosen over other possible plans using multiple 
turbines. It is estimated that two half-capacity turbines of 


this size would cost approximately 30 to 35 percent more than 
one full-sized turbine and would increase the overall availabil- 
ity of the system by only a few percent. 


The turbine generator is sized to operate with the design steam 
flow of 182,000 lbs/hr, which is the anticipated flow with all 
four waste heat boilers in operation. 


In addition, the turbine generator manufacturers routinely in- 
clude a 5 percent flow margin above the guaranteed steam flow. 
The turbine is expected to be capable of operation with flows up 
Omg RUC Oe loess iia. 


The turbine is sized so that its best efficiency point occurs at 
the steam flow corresponding to three out of the four boilers in 
service. Having the best efficiency point at that flow instead 
of the flow with four boilers in service is desirable since the 
plant will be operating 38 percent of the time with three boil- 
ers in service, and only 29 percent of the time with four boil- 
ers in service. Therefore, the turbine is expected to operate at 
its best efficiency point approximately 38 percentt of the time. 
The design approach used is to size the turbine for the best ef- 
ficiency with three of the four incinerators operating since 
this is the most frequent operating point. 


The turbine is a single flow 3,600 rpm, nonreheat, straight 
condensing steam turbine rated at 17,600 kW,. The turbine is 
designed for a throttle flow of 185,000 lbs/hr of steam at 650 
psig and 700°F, exhausting to a back pressure of 3.0-inches 

Hg absolute. The turbine includes three extractions for feed- 
water heating at 50 psia, 20 psia (approximate), and 7 psia 
(approximate). The design includes a turbine bypass system. This 
system increases the operational capability of the plant since 
steam can bypass the turbine and be routed directly to the con- 
denser. The general arrangement is shown on Figure 6-1. Desuper- 
heating spray would be taken from the boiler feed pump outlet 
and injected into the steam to prevent condenser damage from 
high temperature steam. The turbine bypass arrangement would al- 
low incinerator operation following a turbine trip, and allows 
refuse incineration and steam generation whenever the turbine 
generator is out of service or during the startup mode. 


The generator is rated at 20,700 kVA with a 0.85 power factor. 
The terminal voltage is 13,800 volts and 60 Hz, three-phase. The 
generator is hydrogen-cooled at 30 psi and is equipped with hy- 
drogen coolers designed for 95°F cooling water. The exciter 

is a 250-volt, static excitation system complete with power 


transformer, current transformer, and excitation cubicle con- 
taining all the necessary equipment for remote control. 


Turbine generator accessories include the following necessary 


items: 


a bs 


12. 
= 
14. 
‘15. 
16. 


17. 


Stop valves. 

Steam strainers. 

Automatic steam inlet control valve gear. 
Electrohydraulic control system. 

Turbine generator lubricating oil reservoir and 


supply equipment, including motor- and steam 
turbine-driven emergency oil pumps. 


-Gland-sealing system, including vacuum pump. 


Fabricated metal-lagging for high temperature 
parts of the turbine. 


Extraction nonreturn valves. 


Thermocouples and recorder for controlled 
starting and synchronization. 


Supervisory instruments. 

Generator temperature detectors. 

Generator cooling system. 

Hydrogen control system. 

Sole plates. 

Lifting slings and rotor skids. 

Special installation and maintenance tools. 


All other accessories and features as required 
for the complete unit. 


6.5.3 Feedwater Cycle 


The feedwater cycle consists of the condensate pumps, feedwater 
heaters, deaerator, waste heat boiler feed pumps, and associated 
piping and valves. The basic cycle heat balance is shown on 
Figure 6-3. The condensate pumps transport the condensed steam 
from the condenser hotwell through the feedwater heaters to the 
deaerator. The deaerator storage tank provides suction for the 
boiler feed pumps which pump the feedwater to the waste heat 
boilers. Based on the reliability estimates and size of the 
pumps, two full-capacity pumps are used. The net turbine heat 
rate for four-boiler operation with no district heating is 
11,730 Btu/kWh. This includes 170 kW for boiler feed pump pow- 
er, and is the standard definition of net turbine heat rate. 
Figure 6-3 is sketch of the proposed cycle arrangement, and 
therefore, is not meant to be a detailed piping and instrument 
diagram. Moisture separators are not required in the extraction 
lines since the steam is superheated. The extraction and steam 
lines would include nonreturn check valves, drip pots, drain and 
drip piping, and control instrumentation as required to prevent 
turbine water induction. These requirements would, of course, 

be addressed during detailed design. 


The final feedwater temperature to the waste heat boiler is ap- 
proximately 280°F. This temperature was selected as being rep- 
resentative of other similar installations, and is typical of 
turbine cycles in this size range. Higher feedwater tempera- 
tures, e.g., 350°F - 380°F, require more extraction steam, 

which must be extracted at a higher pressure from the turbine. 
This increased extraction reduces the amount of electricity that 
can be generated. Temperatures much below the feedwater tempera- 
ture used could increase the potential for corrosion of the 
economizer tubes by sulfuric and hydrochloric acid attack due to 
tube temperatures below the condensation temperature of gaseous 
sulfuric aicd. The design parameters for the feedwater system 
are shown in Table 6-3. 


Turbine manufacturers were contacted to determine the number of 
feedwater heater extractions that are feasible for a turbine of 
this size. The general conclusion is that three feedwater heater 
extractions! (two low-pressure heaters and a deaerator) are 


Ifhe actual number of feedwater heaters can depend on the tur- 
bine manufacturer selected. This assumption should be reevalu- 
ated after a manufacturer has been selected during detailed de- 
Sign. 
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Table 6-3 


Preliminary Feedwater Cycle Design Parameters 


Equipment 
Condensate pumps (two full- 


capacity pumps) 


Boiler feed pumps (two 
full-capacity pumps) 


Low-pressure feedwater heaters 


Deaerator 


Design Parameters 


370-gpm flow,.180-foot= tora 
pumping head, with 30-hp, 
1,760-rpm, 480-volt motor. 


420-gpm flow, 1,890-foot 
total pump head, with 
250-hp, 3,600-rpm, 480-volt 
motor. 


The heaters are horizontal 
with carbon steel shells and 
Stainless steel tubes. Steam 
extraction conditions at 
full load are approximately 
7 psia and 20 psia as shown 
on the heat balance. Feedwa- 
ter flow and conditions are 
as shown on the heat bal- 
ance. Heaters are sized for 
5°F terminal temperature 
differences and an internal 
Grain cooler with a 10°F 
approach. 


The deaerator is a direct 
contact spray type. The) Vveru-= 
tical cylindrical heater 
section is supported on the 
horizontal storage tank. The 
design conditions are shown 
on the heat balance. 


feasible for this cycle with a final feedwater temperature of 
about 280°F. Therefore, the feedwater heater cycle incorpor- 
ated into the design includes two feedwater heaters and a 
deaerator. 


The deaerator storage tank is sized for a 5-minute storage ca- 
pacity to minimize the influence of transient conditions such as 
Start-up and load changes. A single deaerator is included in 
the design. An additional deaerator can be included in the de- 
Sign, if desired, and the cost would not significantly impact 
the outcome of this feasibility study. 


The boiler feed pumps are horizontal split-case types with dif- 
fuser vane construction and double suction impellers. MTwo full- 
capacity pumps are included in the preliminary design. The 
boiler feed pumps are suitable for low-flow operations with 
several incinerators/waste heat boilers out of service. Recir- 
culation lines and valves are included in the design. The feed 
pump system includes coupling, motor drives, lube oil systems, 
and all other necessary accessories. 


6.5.4 Heat Rejection Cycle 


The heat rejection cycle system consists of the condenser, cool- 
ing tower, circulating cooling water piping, pumps, and motors. 
The basic design parameters of the system are listed in Table 
6-4. 


The cooling cycle iS a recirculating type. The heated cooling 
water from the condenser flows over the cooling tower where the 
heat is rejected to the atmosphere. The cooled water is col- 
lected in the cooling tower basin and pumped back through the 
condenser. Blowdown is diScharged through a l-inch line to the 
existing sewer connection. Make-up water is obtained from the 
city water main and is piped through a 3-inch line to the pump 
pat. 


The condenser is sized to provide a reasonable back pressure 
under all expected operating conditions. The design parameters 
are selected based on engineering judgment since there are many 
possible condenser deSign variables. The condenser is a two- 
pass design to provide a representative temperature rise for 
cooling tower operations. The tube length is 18 feet based on 
the expected turbine foundation size. 


A separate cooling tower and surface condenser is used instead 
of air-cooled type condensers. Other refuse burning plants have 


Table 6-4 


Heat Rejection System Design Conditions 


System Design Condition 

Condenser 

Number of passes 2 

Tube slengtn, eLt 18 

Material 304 SS 

Velocity, ft/s TUT. 0 

Back pressure, inches 

- HgA, peak 4.5 

Surface area, sq ft 9,100 

Flow rate, gpm 14,700 


Cooling Tower 


Wood, cross-flow type with 
dry-cooling section for plume 
abatement 67 ft wide x 6lgi ce 
Longiex @/0 Sitethivgg 


Design wet bulb tempera- 


CUCe mck 77 
Approach, OF 2 
Range, OF 19730 
Fan size, hp 200 


Circulating Water System 


Pump capacity, gpm LD, 500 

Arrangement Vertical, wet pit type 
Total developed head, ft 70 

Motor horsepower 400 

Pipe material Fiberglas reinforced pipe (FRP) 
Pipe size, in. 24 

Pipe velocity, ft/s | ) 0 


experienced considerable start-up delays and operational prob- 
lems with air-cooled condenser designs. Air-cooled condensers 
normally produce higher back pressures than water-cooled conden- 
sers. The higher back pressure reduces the amount of energy that 
can be removed from the steam, thereby resulting in lower gener- 
ation than with a water-cooled condenser and evaporative cooling 
tower. Air-cooled condensers are more expensive initially, con- 
sume more auxiliary power, and produce higher plant heat rates 
than water-cooled condensers; however, they make the plant easi- 
er to license and consume less water. Their use is normally lim- 
ited to areas where water for tower makeup is extremely scarce 
Or siting of a steam plant prohibits uSing an evaporative cool- 
ing tower. Air-cooled condensers should be considered during de- 
tailed design if the evaporative tower is expected to create an 
environmental concern. 


The cooling tower iS a wooden rectangular tower of the cross- 
flow design. The tower would serve as.a plume abatement tower 
to elimiate fogging and icing of the area around the plant. The 
plume abatement tower is a wet/dry cooling tower that uses a dry 
heat exchanger in addition to the conventional wet (evaporative) 
fill section. The amount of tower drift can be controlled by 
changing the proportion of the heat rejected in the wet and dry 
sections. | 


The cost of the plume abatement tower can vary significantly 
based on the size of the dry system selected. It is estimated 
that the capital cost of the plume abatement tower is about 2.5 
times more than the conventional (wet) tower. The dry portion 
of the tower could be sized based on the specific ambient condi- 
tions at the plant during detailed design development. The 
operating costs of a plume abatement tower can be expected to be 
higher than those costs of an all wet system. Maintenance costs 
would be higher and the fan and pumping power requirements would 
be greater. 


The total circulating cooling water flow rate is 15,500 gpm. 
This is composed of 14,700 gpm from the condenser and 800 gpm 
from the auxiliary heat exchanger. The supply and return piping 
to the condenser would be 24-inch reinforced fiberglas pipe. Two 
full-capacity circulating water pumps are planned. These pumps 
are vertical, wet pit pumps with a design condition of 15,500 
gpm and a total developed head of 70 feet. The pump motors are 
rated at 400 horsepower. The circulating water cooling pump 
structure includes the pump pit, a building that covers the to- 
tal pit area, the flume from the tower baSin, and a crane to re- 
move the pumps and motors. 


6. ict te) 


Auxiliary Systems 


This subsection discusses the auxiliary mechanical systems that 
are required. The systems are: 


2. 


Main steam. 

Eerescelan steam piping. 
Air preheaters. 

Auxiliary cooling. 

Make-up water. 

Compressed air. 

Lube oil conditioning. 
Condenser vacuum equipment. 
Main Steam. 


The main steam piping system includes all of 

the piping, fittings, valves, hangers, and 
insulation from the waste heat boilers to the 
turbine. The piping would be routed from each 
waste heat boiler and connected into a common 
header to the turbine. The piping would be de- 
signed for the maximum expected flow conditions, 
including margins for pressure and temperature 
transients. The piping would be designed so that 
any number of waste heat boilers can be operated 
at one time. 


Extraction Steam Piping. 


The extraction steam piping includes all fittings, 
valves, hangers, and insulation required to provide 
extraction steam from the turbine casing to the 
feedwater heaters and deaerator. The design condi- 
tions would be based on the extraction flows and 
pressures required. Stop valves, automatic condensate 
removal valves, and nonreturn valves would be pro- 
vided for flow control and as required to prevent 
turbine water induction. 


Air Preheaters. 


Steam coil air preheaters will be installed in the 
underfire air system of each boiler. These heaters 
were found to be the most compact, effective method 
to preheat the underfire air. Since an air side pres- 
sure drop of approximately 4 in. H20 is antici- 
pated, larger underfire air fans will be installed 
on each furnace. Approximately 15,000 lbs/hr of 
steam would be extracted to preheat the underfire 
air from 70°F-250°F, whenever the inlet tenm- 
perature of the boilers cannot be maintained at 
WeeUUS Es 


Auxiliary Cooling System. 
For the feasibility study, it is assumed that 


a separate auxiliary cooling system is required 


to provide cooling water to all plant auxili- 
aries. The system consists of auxiliary cooling 
water heat exchangers, closed-loop cooling 
system pumps, and a cooling water head tank. 
With this system, cooling water is continuously 
recirculated through the shell side of the 
Sete aly react exchanger to the various plant 
coolers such as the hydrogen cooler, lube oil 
cooler, air compressor coolers, etc. fThe heat 
transferred to the auxiliary heat exchanger is 
either dissipated into the circulating cooler 
water or to the plant make-up water prior to 
treatment. A separate auxiliary cooling system 
may not be required after the circulating cool- 
ing water quality is established during design. 
It may be possible to pump circulating cooling 
water directly to the equipment coolers. The 
present design includes an auxiliary cooling 
system. 


Make-up Water. 


Condensate make-up is provided since boiler drum 
blowdown will be required to minimize total 
solids build-up in the feedwater and steam cycle. 
The make-up water source is from the existing 
city water main. After treatment, the make-up 
water would be stored in a condensate storage 
tank. Make-up water would be pumped to the con- 


denser hot well by two full-capacity condensate 
transfer pumps. 


6. Compressed Air System. 


A complete compressed air system is included in 
the capital cost estimate. Separate systems for 
service air and instrument (oil-free) air are 
included. Two full-capacity air compressors 
for each system are also included. One com- 
pressor normally can supply the demand, while 
the other provides a firm supply and can carry 
part of the load during times of unusually high 
demand. Receivers are sized to allow start/ 
stop operation of the compressors without fre- 
quent cycling. Aftercoolers are provided on 
all compressors to enSure a dry air supply. 
Instrument air is supplied through a refriger- 
ation-type filter-dryer to provide additional 
drying. 


7. Lube Oil Conditioning. 


The turbine generator would be furnished with a 
lubricating oil reservoir, pumps, and piping. 
Lube oil conditioners and pumps and a lube oil 
centrifuge would be included. 


8. Condenser Vacuum Equipment. 


It is assumed that steam jet air ejectors are 
used to remove the noncondensible gases from 

the condenser during turbine operation. Mechan- 
ical vacuum pumps would be used for evacuating 
the condenser from atmospheric pressure. The 
steam jet air ejectors would hold the condenser 
vacuum during normal operations. 


6.5.6 Water Treatment 


Chemical conditioning of the circulating cooling water and steam 
cycle make-up water is required in order to ensSure efficient and 
dependable plant operation. Treatment is generally required to 
minimize the possibility of fouling and corrosion of the heat 
transfer surfaces. 


Circulating cooling water chemical treatment is assumed to in- 
clude: 


1. Acid feed equipment. 
2. Chlorination equipment. 
3% Scale inhibitor feed equipment. 


Since the make-up water source is the existing city water main, 
the concentration cycles in the circulating water system can be 
high (approximately 30 cycles). Scale inhibitors may be required 
at the high concentration cycles and are included in the design. 


The circulating water chemical feed system protects the system 
components, especially the condenser tubes, against excessive 
scaling and corrosion. This system also controls slime and 
algae that can affect heat transfer in the condenser and cause 
deterioration of cooling tower materials. The chemical feed 
system includes equipment for feeding sulfuric acid, scale in- 
hibitor, and chlorine into the circulating water. Mechanical 
tube cleaning can also be used to remove slime and algae, but 
is most effective in removing scale (calcium deposits). 


Cooling tower manufacturers can guarantee that the drift rate of 
an evaporative cooling tower will be 0.005 percent or less of 
the circulating water flow rate. Therefore, the drift for the 
plant is expected to be less than 1 gpm (0.8 gpm) based on a 
Circulating flow rate of 15,500 gpm. Cooling tower drift has the 
same chemical properties as the water in the cooling towers. 
During periods of shock chlorination (typically three 20- to 30- 
Minute periods per day), the chlorine concentration in the water 
will be adjusted to maintain 0.5 mg/L total residual chlorine at 
the condenser outlet. In addition, it is possible that as much 
as 50 percent of the chlorine will flash or decompose as it 
passes through the cooling tower fill. Therefore, during the 
Perroas of Shock chlorination, the 0.8-gpm drift will contain 

up to 0.5 mg/L of chlorine. The total amount of chlorine re- 
leased in the cooling tower drift is an extremely small amount. 


Drift deposition studies can be completed during detailed design 
if it is anticipated that the concentration of solids in the wa- 
ter will cause the drift to be an environmental concern. 


Sulfuric acid can be introduced at the cooling tower basin to 


reduce alkalinity to control the scaling tendency of the 
circulating water system. To further inhibit scale deposition, 
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Organic phosphate can be automatically fed at the cooling tower 
basin aS a sequestering agent. 


To prevent biofouling of the circulating water system, chlorina- 
tion equipment is included for intermittent shock chlorination. 
A chlorine solution can be fed into the circulating water pump 
basin through diffusers. 


The steam cycle make-up water conditioning is assumed to include 
softening and corrosion-control chemical injection. For steam 
pressures between 600 and 1,000 psi, Babcock & Wilcox recom- 
mends(l9) the following limits for solids in the boiler feed- 
water: . 


Item ppm 
Total solids 2,000 
Totals haranesssass Cagon 0 
Iron 0-05 
Copper 0.003 
Oxygen 0.007 
pH S0l -S97 


Demineralization or evaporation of the make-up water is probably 
not required since the operating pressure is less than 1,000 
psi. Softening can be accomplished by using sodium zeolite sof- 
teners. These softeners use resin materials that have the capa- 
bility of exchanging hardness constituents, like calcium and 
magnesium, for sodium. The pH can be maintained by injecting 
hydrazine or some other neutralizing amine into the feedwater. 
Softening the make-up water would minimize the potential for 
scale buildup and hydrazine injection, and phosphate treatment 
(low concentration) would possibly maintain the pH in order to 
Prevent corrosion. Hydrazine also acts as an oxygen scavenger. 
The use of hydrazine requires proper ventilation and care in 
handling. The actual chemical treatment will be evaluated in 
more detail during design. 


The chemical feed system cost includes all of the equipment, 
piping, valves, wiring, instruments, controls, etc., for a com- 
plete system. The equipment also includes metering pumps, mo- 
tors, and solution tanks. 


6.5.7 Controls and Instrumentation 
The design for all controls and instrumentation assumes a com- 
plete refurbishment of the existing plant control room in order 


to coordinate control of the incinerator operations with. control 
of the turbine generator and auxiliary equipment. 
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The control area will contain the control system cabinets, mini- 
computer equipment, auxiliary and protective relay equipment, 
and similar devices. A cable spreading room, through which all 
control and instrumentation electrical cable and pneumatic tub- 
ing will be routed, is planned beneath the control room. The 
purpose of the control room is to: 


1. Provide the control interface between the in- 
cinerator, waste heat boiler, and turbine 
generator. 


2. Provide the interface between the generating 
plant and its operating staff. 


3. Provide the interface between the generating 
plant operation and incinerator staff. 


The control room and control panels will be designed to permit 
safe, reliable, and efficient operation using a minimum number 
of personnel. The control and instrumentation system is based 
on utilizing a central plant control room for control of the 
incinerator operations, as well as the waste heat boilers, tur- 
bine generators, and associated auxiliary equipment. A combined 
benchboard and vertical panel will be used in the control room. 
The control panels will be modularized so that new panels and 
controls can be added as required. This concept will also pro- 
vide a control system based on individual incinerator/waste heat 
boiler units. Panel equipment will be arranged in functional 
groupings so that during start-up or emergency situations the 
responsibility for each separate: segment of the plant operating 
equipment can be assigned to an individual, if required. 


System cabinets will be provided for the analog control, com- 
puter, sequential events monitor, plant interlock, and other 
systems. The equipment in these cabinets require a clean, well- 
lighted, temperature-controlled environment for effective 
maintenance. 


The controls and instrumentation include all waste heat boiler, 
turbine, generator, and exciter instruments and controls, as 
well as other instruments and control equipment including: 

l. Feedwater controls. 


2. Turbine generator bearing monitoring systems. 


3. Remote indicators. 


4. Temperature recorders. 

5. Flow-meters and recorders. 
6. Annunciators. 

7. Electrical indicators. 

8. Panel control switches. 

9. Water treatment instruments. 


10. Switchyard controls and instrumentation. 


6.5.8 Electrical Equipment 


The electrical equipment necessary for the turbine generator and 
balance of plant operation can be divided into two main catego- 
ries. The first category includes all of the equipment neces- 
Sary to connect the generator to Consolidated Edison's 27-kV 
distribution system. The generator output will be stepped up to 
27 kV by the generator transformer. Connections between the 
generator, generator breaker, and generator transformer will be 
accomplished with an isolated phase bus duct. The bus duct rat- 
ing will have to be determined during the detailed design phase 
as the generator voltage will depend on the turbine generator. 
The generator breaker will be an oil circuit breaker. Connec- 
tions for the main and reserve auxiliary transformers will be 
made by tapping the bus duct between the generator breakers and 
the generator transformer. 


The second category includes the main and reserve auxiliary 
transformers and all switch gear and wiring necessary to supply 
a new balance of plant equipment. The existing plant switch 
gear is 480 VAC. With the exception of the circulating water 
pump motors, the balance of the plant equipment can be started 
and operated on this line voltage. Instead of installing a high 
voltage transformer and switch gear for the circulating water 
pumps, some form of starting compensation can be used. This 
will limit the 480-VAC system voltage drop and protect the 480-V 
equipment from damage when the circulating water pumps are 
Started. The 480-V buses will also supply lighting circuits 
through a 480/120-V transformer. Due to the remote location of 
the cooling tower, cooling tower fans, lighting, and circulating 
water pumps will be supplied from a secondary unit substation 
located near the circulating water pump structure. 


The physical location of the new switch gear and the electrical 
connections of the new and existing equipment should be evaluat- 
ed in the detailed design of the turbine generator and balance 
of plant equipment. The adequacy of the existing emergency gen- 
erator should also be determined during the detailed design ef- 
FOUL. 


6.5.9 Structural Requirements 


Two boiler configurations were identified as being technically 
feasible; i.e., Supporting the boilers directly above the fur- 
naces (using either an external truss or reinforcing the exist- 
ing structure), or constructing a new building adjacent to the 
facility to house the boilers and turbine-generator equipment 
(see Figures 6-4 and 6-5). 


The costs associated with the external truss system and the new 
building option were found to be essentially equal. For the pur- 
poses of this study, the proposed design incorporates the ex- 
ternal truss system supporting the four boilers directly above 
their respective furnaces. 


As shown on Figure 6-4, a steel truss system approximately 21 
feet deep, with an unsupported span of 190 feet, is required to. 
Support’ the four waste heat boilers in this configuration. 


A complete structural analysis of the existing incinerator 
building and foundations should be performed in detailed design; 
a detailed comparison of various boiler placement options will 
be made at that time. This could reduce the structural require- 
ments. For the purpose of this feasibility study, the proposed 
truss Support structure is considered a conservative estimate of 
the structural requirements of this project. Design considera- 
tions for this item include all structural steel, foundations, 
concrete floor slab, reinforcement, and a weatherproof enclosure 
housing the boilers. 


The turbine generator and associated equipment will be located 
in a new building near the existing maintenance shop at the 
northwest corner of the incinerator plant. The preliminary 
equipment arrangements within the turbine building are shown on 
Figures 6-6 and 6-7. A gantry-type turbine room crane is in- 
cluded in the building. Structural design considerations are 
based on steel framing and concrete floor pile-type foundations 
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supporting the structure. The platforms would utilize steel 
grating. Typical design features include the following: 


1. Sandwich panel-type, insulated metal exterior walls. 
2. Hollow metal flush-type doors. 


3. Aluminum projected-type windows and pinion-type oper- 
ators. 


4. Floor coverings, as required. 
5. Suspended ceilings, as required. 


6. Precast concrete roof decks and built-up tar 
and gravel roofing. 


7. j%Interior partitions of concrete block and metal 
wall panels. 


8. Grating. 
9. Handrail and stairs. 


To be considered during the final design phase will be the in- 
herent problems of erection and boiler installation, with re- 
spect to site constraints, the span of the trusses, lift height, 
etc. At this time, it is assumed that at least one high-lift, 
heavy-duty capacity erection crane will be required either on 
the bay or parkway side. Separate foundations may be required 
for anchoring this crane. 


Adequate heating and ventilation will be provided for work areas 
as required. Lighting will be consistent with low operation and 
maintenance costs. This will consist of fluorescent lights for 
the operating floor and control room, and mercury vapor lights 
for all other plant areas, aS required. 


6.5.10 Capital Cost Estimates 


The cost summary for the electricity only alternative is pre- 
sented in Table 6-5. This estimate includes all of the equipment 
discussed previously. In several instances, the cost estimate is 
determined based on previous experience with Similar sized 
equipment for 20-MW plants. The estimates for major components 


Table 6-5 


Capital Cost Estimate -- Electricity-Only Alternative 
(September 1981 $) 


Equipment Cost 
Waste Heat Boilers and Enclosuresl SG? i562 575-000 
Support truss 245337000 
Flue Gas Breeching 3,487,000 
Induced Draft Fans LLL 6,000 
Fly Ash Conveyors 181,000 
Recirculation Dampers and Connections 580,000 
Underfire Air Fans 60,000 
Turbine Generator 3 U0; 000 
Condenser 280, 000 
Air Ejectors 20,000 
Feedwater Heaters 90,000 
Deaerator 70,000 
Condensate Pumps 15,000 
Boiler Feed Pumps 100,000 
Condensate Piping 50,000 
Feedwater Piping 120,000 
Miscellaneous Water Pumps 50,000 
Main Steam Piping and Valves 150,000 
Extraction Piping and Valves 50,000 
Bypass System 55, 000 
Cooling Tower 1,500, 000 
Pump Structure £507.000 
Circulating Water Piping 340,000 
Circulating Water Pumps and Motors Zh, COG 
Auxiliary Cooling Water System 30,000 
Compressed Air 50,000 
Fire Protection System 25,000 
Condensate Storage and Transfer 60,000 
Water Treatment 180, 000 
Air Preheaters LeU 
Control Equipment 1,100,000 
Electrical Equipment BFL OOFO00 
Turbine Building and Foundations 1,125, 000 
Mechanical Construction3 3,408, 000 
Electrical Construction 27 PO0 ,O00 
Insulation of Gas-Conditioning Tower 
and Recirculation System 270°;,000 


Total Installed Equipment Cost $26,972,000 


lFor vendor cost information see Appendix J. 

2Includes chemical addition system. 

3Includes plant communication system and additional heating 
systems. 


such as the waste heat boilers, turbine generator, pumps, cool- 

ing towers, and induced draft fans were obtained from manufac- 

turers' quotations based on the size of the equipment. The costs 

_ presented include the price of the equipment and erection costs, 
expressed in September 1981 dollars. 


The capital costs presented in Table 6-5 include the use of a 
cooling tower as part of the heat rejection cycle equipment. An 
alternative arrangement could utilize water from Gravesend Bay 
in a once-through cooling system. 


6.6 ELECTRICITY AND STEAM COGENERATION -- CONCEPT AND COSTS 


In this alternative, main and extraction steam will be used to 
Supply thermal energy to a district heating network. This sys- 
tem will be used to supplement existing space heating systems in 
the district. These existing systems will be required to meet 
peak demands. | 


The basic district heating steam requirements have been pre- 
sented in Section 5. The distribution steam is to be generated 
in an evaporator installed in the new turbine building. The use 
of cycle extraction steam directly for district heating steam is 
not considered feasible since the steam would be contaminated 
during its flow through the district steam loop, resulting in 
condensate treatment costs which could be prohibitively expen- 
Sive. It is assumed, however, that 95 percent of the district 
steam is returned as condensate. The remaining 5 percent is as- 
sumed to be lost from the system. Make-up water would come di- 
rectly from the City water supply with possibly some preheating 
utilizing boiler blowdown. The site layout for this alternative 
is' tdenticalgto that presentedsanee igure s6s2¢ 


6.6.1 Waste Heat Boilers 


The modifications and equipment required to implement waste heat 
recovery in a cogeneration mode are identical to those proposed 
in subsection 6.5.1. Steam produced in the waste heat boilers 
will be conveyed, as before, to the turbine. As in the elec- 
tricity-only alternative, the waste heat boilers will be sup- 
ported by a truss system spanning the existing incinerator 
building. Structural requirements and associated costs are 
identical for both the electricity-only and cogeneration modes. 


6.6.2 8Turbine Generator 


The turbine generator for this alternative will be an automatic 
extraction type. The automatic extraction will maintain the ex- 
traction steam pressure at a fixed value. This extracted steam 
will be used to generate steam for the district heating loop in 
an evaporator installed specifically for this purpose. Automatic 
extraction turbines include additional internal governing valves 
and a steam chest following the extraction stage in order to 
maintain the extraction pressure by throttling the flow at off- 
design conditions. 


Automatic extraction turbines are more expensive and less effi- 
cient than similar sized straight-through condensing turbines 
due to the additional extraction outlet, governor valves, and 
steam chest. is 


The turbine extraction is designed to supply 134,000 lbs/hr at 
290 psig for the full steam loop, and 57,000 lbs/hr at 230 psig 
for the partial steam loop. 


6.6.3 Balance of Plant Equipment 


Evaporators using steam as the heating medium can be constructed 
with approach temperatures as low as 109F. The approach tem- 
perature is the difference between the extraction steam tempera- 
ture and the steam temperature Supplied to the district heating 
system. As the design approach temperature of the evaporator 
decreases, the extraction flow required decreases, but the evap- 
Orator size and cost increase. For this study, a representative 
approach temperature (at design) of 40°F is used. 


When high-pressure superheated steam is used as the extraction 
steam source, some amount of throttling and desuperheating spray 
is required. Evaporators become prohibitively expensive if 
superheated steam is used directly. Therefore, the evaporator 
arrangement would use attemporation spray from the boiler feed 
pumps. The recommended evaporator flow schematics for both dis- 
trict heating plans (full and partial steam loops) and heat bal- 
ances are shown on Figures 6-8 and 6-9. 


There are two feasible extraction steam sources available for 
this arrangement. One source is main steam supplied directly 


lsteam load conditions for the partial and full steam loops 
abe presented in detail in Section 5. 
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from the waste heat boilers and the other source is an inter- 
stage high-pressure turbine extraction. Based on the distribu- 
tion system pressures and flow rates required for the district 
steam systems, both sources were evaluated. The main steam 
source is used for high-pressure, high-flow district heating re- 
quirements, and the interstage extraction is used for low-pres- 
sure, low-flow district heating requirements. This arrangement 
provides the most advantageous steam and electricity generating 
plan. 


For the purposes of this study, high-pressure main steam is used 
as required to satisfy district heating requirements in excess 
of 60 percent of the peak heating load. When main steam is more, 
than sufficient for district heating requirements, the remaining 
main steam is introduced to the turbine for electrical genera- 
tion. For the full loop, there is insufficient main steam to 
generate the peak district heating steam requirement. The maxi- 
mum steam generation rate is 185,200 pph of district heating 
steam which results in a peak shortage for approximately 650 
hrs/year. During this period no electricity is generated. For 
the partial loop there is sufficient main steam for the peak re- 
quirement and generation of electricity. 


Below 60 percent of the peak heating requirement, the evaporator 
charging steam is run through the turbine for steam pressure re- 
duction and electrical generation. The extraction pressure is 
dependent on the final selection of the district heating steam 
flow to be generated by turbine extraction. 


The district heating loops will return the condensate to an on- 
Site storage tank. From this tank, the condensate is pumped to 
the evaporator preheater and then to the evaporator where steam 
is produced for district heating. 


The evaporator charging steam, taken from the main steam line or 
the high-pressure turbine extraction, is condensed in the evapo- 
rator. This condensate is used to preheat the district heating 
system condensate. The charging steam condensate then drains to 
the condenser by the pressure differential between the evaporat- 
or and the condenser. 


6.6.4 Cost Summary 


The cost summary for the electricity and steam options (turbine 
generator and balance of plant equipment) are shown on Table 


6-6. The cost changes from the previous summary {Table 6-5) 
clude the following items: 


1. 


Turbine generator. 
Evaporator. 

Miscellaneous water pumps. 
Feedwater piping. 

Extraction piping and valves. 


Condensate storage and transfer. 


in- 


Table 6-6 


Capital Cost Estimate -- Cogeneration Alternative 
(September 1981 $) . 


Equipment Full Steam Loop Partial Steam Loop 
Waste Heat Boilers! $ 1,825,000 $ 1,825,000 
Support truss 2753377000 2,533,000 
Flue Gas Breeching 3,487,000 3,487,000 
Induced Draft Fans 1,716,000 1,716,000 
Fly Ash Conveyors 181,000 181,000 
Recirculation Dampers and Connections 580,000 580,000 
Underfire Air Fans 60,000 60,000 
Turbine Generator 37050 7,000 3,350,000 
Condenser 280, 000 280,000 
Air Ejectors 20,000 20,000 
Feedwater Heaters 90,000 90,000 
Deaerator 70,000 70,000 
Condensate Pumps 15,000 15,000 
-Boiler Feed Pumps 100,000 100,000 
Condensate Piping 50,000 50,000 
Feedwater Piping 125,000 125,000 
Miscellaneous Water Pumps 70,000 60,000 
Main Steam Piping and Valves 150,000 150,000 
Extraction Piping and Valves 75,000 65,000 
Bypass System 55,000 55,000 
Cooling Tower 1,500,000 1,500,000 
Pump Structure 150,000 150,000 
Circulating Water Piping 340,000 340,000 
Circulating Water Pumps and Motors PAS) MOUND) 275,000 
Auxiliary Cooling Water System 30,000 30,000 
Compressed Air 50,000 50,000 
Fire Protection System 25,000 25, 000 
Condensate Storage and Transfer 7,000 70,000 
Water Treatmentl 180,000 180,000 
Air Preheaters _ 127,000 127,000 
Control Equipment 1,100,000 1,100, 000 
Electrical Equipment 007.000 1,100,000 
Turbine Building and Foundations ple 5, 000 1, 1252 600 
Mechanical Constructionl 3,408, 000 3,408, 000 
Electrical Construction 2,700,000 2,700,000 
Evaporator 340,000 225,000 
Insulation of Gas-Conditioning Tower 
and Recirculation System 270,000 270,000 
Total Installed Equipment Cost 627,627,000 627,487,000 


lsee Table 6-5, footnotes 1,2, and 3. 
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SECTION 7 
MATERIALS RECOVERY 


7.1. INTRODUCTION 


Materials recovery offers the benefits of a revenue-generating 
product as well as the reduction or elimination of the environ- 
mental problems associated with final disposal. 


Section 7 addresses the technical feasibility and potential for 
marketing the incinerator residue remaining after combustion at 
the Southwest Brooklyn Incinerator. 


7.2 INCINERATOR RESIDUE 


The composition of municipal refuse is influenced by several 
Gynamic factors including climate, season, Standard of living, 
source storage methods, local packaging practices, and industry 
types. Residue composition is affected by the refuse, the basic 
design of the furnace and burning grates, as well as charging 
rate, forced air distribution, and ash quenching techniques. 


Incinerator residues are classified on the basis of combustion 
efficiency, or degree of burn-out. The degree of burn-out is 
defined as the ratio of the incinerated SOR eon to the original 
combustible fraction of the raw refuse. Residue produced 
by continuous-fed incinerators incorporating reciprocating 
grates (i.e., Southwest Brooklyn) is generally classified as 
well burned out and consists of 20 to 30 percent by weight of 
the refuse input, and approximately 5 to 15 percent of the re- 
fuse volume. During several site visits to the Southwest 
Brooklyn Incinerator, this good burn-out has been verified by 
visual observation. Material recovery concepts presented in 
subsequent subsections are based on a residue weight fraction 
of 20 percent of the incoming refuse, or 200 tpd. 


Studies performed by the U.S. Bureau of Mines on residue 
samples from municipal incinerators in the Washington, D.C., 
area are Summarized in Table 7-1. Incinerator residue consists 
mainly of ferrous and nonferrous metals, ash, glass, and stone. 
Smaller fractions of unburned paper and partially-burned organ- 
ics are a function of incinerator operation and equipment 
efficiency. 


baDee aul 


Composition of Incinerator Residue 


Bulk Projected Quantities at 


Material Dry Weight Densityl Southwest Brooklyn 
% lb/cu yd tpd 
Tin cans DL 22 197 
Mill scale and 6.8 OAS CYPAS) 
small iron scrap 56 
Iron wire One? NR2 
Massive iron scrap SS NR 
Nonferrous metals 1.4 NR 3 
Stones and bricks mle 1,845 
Ceramics 0.9 bay Stik 
124 
Ash 15.4 582 
Glass 44.1 2,037 
Unburned paper ee | ‘NR 
and charcoal - 
18 
Partially-burned Uy! NR 
Organics 


Source: "Composition and Characteristics of Municipal Inciner- 
ator Residues," U.S. Department of the Interior, Bureau 
of Mines, Report of Investigations No. 7204, December 
1963- 


lBulk densities calculated for loosely packed, dry materials. 


2Not reported. 


Incinerator residue which is quenched prior to plant discharge 
may also have a significant moisture content. This moisture 
content is a function of the method of quenching, the age of the 
residue, and the relative amount of combustible material con- 
tained in the residue. Surveys performed for the Federal High- 
way Administration (FHWA) indicate the average moisture content 
of municipal incinerator residue to be approximately 33 per- 
cent. 


7.3 FERROUS METALS 


A residue analysis performed by the Bureau of Mines indicated a 
total ferrous metal content of 28.2 percent. Based on the inci- 
nerator's residue production rate of 200 tpd (at full capacity),. 
56 tpd of ferrous metals is contained in the residue (Table 
md). 


Once the residue has undergone incineration, most of the en- 
training materials have been removed and a simple magnetic drum 
separator can provide adequate classification of the residue 
Stream. Relatively small equipment can be used in this separa- 
tion since the refuse has undergone a significant volume 
reduction (approximately 90 percent) in the furnace. 


Utilization of ferrous scrap which has been incinerated is 
limited to the production of ferroalloys. This is due to the 
impurities added to the ferrous in the incineration process 
fieer eer meee y COPDEr Contamination and diffusion of tin into 
the steel, Meenas Subsequent removal by standard detinning 
practices). 12) Although copper and tin can affect the roll- 
ing and mechanical properties of steel, the severity of this 
contamination varies with the steel product, composition, and 
processing techniques used. 


Studies performed by the Bureau of Mines(13) have indicated 
that steels manufactured using reclaimed ferrous scrap ex- 
hibited acceptable surface and edge conditions and rolled suc- 
cessfully. Tensile strengths of plain carbon steel were not 
significantly affected by copper concentrations up to 0.65 per- 
cent and "tin concentrations up to 0.16 percent. Yield strength 
increased as these concentrations increased; impact strength was 
decreased with increasing tin content. Hardness was found to 
increase slightly with increasing copper content. In general, 
the properties of the steels produced were not measurably 
affected by melting stock composition, melting practice, or 


method of scrap preparation. These studies were performed us- 
ing electric furnaces which are less susceptinle to high impur- 
ity levels in the feedstock. In the older, conventional furn- 
aces, these impurities tend to precipitate and attach to the 
bottom refractories, thereby increasing system maintenance 
requirements. 


7.4 NONFERROUS METALS 


On the basis of Bureau Mines data (Table 7-1), the residue from 
the Southwest Brooklyn Incinerator contains approximately 3 tpd 
of nonferrous metals, approximately 70 percent of which is 
aluminum. Of the remaining 30 percent, the majority is copper 
and zinc, contained in discrete nuggets of coarse and fine 
sizes. Typical compositions of heavy nonferrous metals smelted 
from incinerator residue products yield copper and zinc concen- 
trations of 55 percent and 36 percent, respectively. 


Due to the introduction of impurities, aluminum recovered from 
incinerator residue is only recommended for use in the produc- 
tion of alloys. Several independent evaluations(14) have 

been made on recovered aluminum which indicated that the metal 
could be used to produce a good commercial alloy of the 3105 
type used in the construction industry. It should be noted 
that this metal could be used in the production of most of the 
alloys produced at secondary smelters. Composition testing of 
several aluminum samples indicated these materials would also 
be suitable for producing 380 alloy, which is one of the 
largest tonnage products manufactured by secondary aluminum 
smelters. 


The quality of recovered aluminum is dependent on the tempera- 
ture of incineration. Since lower temperatures produce the 
highest quality metal, the decision to reclaim aluminum from 
residue may be inconsistent witn other resource recovery (e.g., 
steam production) strategies in the incinerator. 


Separation systems for nonferrous metals are complex and 
Capital-intensive. Physical separation is affected by density 
differences between the metal and heavy media solutions. Al- 
though tecnnically feasible, this technology is still under 
development and has not been applied on a large scale. For 

this reason, subsequent economic evaluations were not performed. 


7.5 NONMETALLIC RESIDUE 


Approximately 124 tpd of the 200 tpd of residue produced at the 
incinerator consists of ash, glass, stones, bricks, and cer- 
amics. Of this material, glass and ash make up the largest 
Proportion. Using Bureau of Mines figures, the remainder of the 
residue (stones, bricks, and ceramics) is estimated to be 
approximately 5 tpd. 


Unprocessed residue has been used as aggregate material in road 
construction and concrete production. The ash, glass, and min- 
eral matter which remain after metal separation has been shown 
to be suitable for use as a base material for road construction, 
and a substitute for aggregate materials in bituminous mixtures. ., 
Glass Separated from incinerator residue has also been tested as 
aggregate in the production of lightweight structural concrete 
and glass-polymer piping. 


Incinerator residue was used in road construction in Brooklyn 
during and immediately after World War II. Currently, the 
Department of Sanitation utilizes some of this material for 
landfill roads. Numerous studies have been performed by the 
Federal Hignway Administration in Chicago, Illinois; Houston, 
Texas; Washington, D.C.; Harrisburg and Philadelphia, Pennsyl- 
vania; and, Baltimore, Maryland, using "as received" and proc- 
essed resdue as an asphalt aggregate with positive results. (16) 


New potential markets for incinerator residues are being inves- 
tigated for the use of separated glass as lightweight aggregate 
in the production of concrete blocks, glass-polymer composite 
pipe, and low-cost bulk insulation material. Devices Such as 
air tables and planers, commonly used in the separation of ores, 
provide glass separation. Concrete blocks produced from glass 
aggregates are significantly lighter than most manufactured us- 
ing regular aggregate, and exhibit a 30 to 40 percent improve- 
ment in insulative value.(1/) astm tests performed on con- 
crete cylinders using lightweight glass aggregate indicate an 
average compressive strength well above the minimum 2,500 psi 
required for structural-grade lightweight concrete. 


Tne Brookhaven National Laboratory has developed a glass-polymer 
composite pipe which exhibits superior compressive strength and 
increased corrosion resistance. Although the production eco- 
nomics are presently being studied, test sections of this pipe 
have been installed in New York and New Jersey Sewer lines and 
have operated satisfactorily. 


Experiments using unprocessed incinerator residue as an 
aggregate material for concrete construction have not been suc- 
cessful. Nonferrous metals in the residue, particularly 
aluminum, were reported to react with the concrete to form hy- 
drogen gas. This gas production results ina significant loss 
in compressive strength due to the formation of gas pockets, and 
results in concrete which is much more susceptible to surface 
spalling. (18) 


7.6 MARKET ANALYSIS 


Potential markets for ferrous metals and incinerator aggregate 
(which includes ferrous, nonferrous, and nonmetallic residues) 
generated at the Southwest Brooklyn Incinerator were investi- 

gated. 


7.6.1 Ferrous Metals 


Market conditions for ferrous scrap reclaimed from incinerator 
residue are variable and fluctuate with. locale and economic con- 
ditions. Examples of facilities reclaiming ferrous metals from 
mass-burning incinerators are listed in Table 7-2. 


The installation at Saugus, Massachusetts, operates a back-end 
ferrous recovery system utilizing a rotating trommel screen with 
l-inch openings. Oversize materials from the screen are separ- 
ated by a magnetic drum. Although specific details of the metal 
marketing contract are confidential, this agreement includes a 
minimum or "floor" price, a take-or-pay clause, and a selling 
price indexed to the market price of No. 2 scrap bundles. The 
Current selling price is well in excess of $7.00/ton. (19) 


Metal recovery systems installed at Harrisburg, Pennsylvania, 
and Chicago, Illinois, are presently operating without suitable 
markets. Both plants had contracts with secondary metal proc- 
essors which have gone bankrupt. The staff at the Harrisburg 
plant presently stockpiles the recovered metal on-site; Chicago 
is presently paying a nominal amount for disposal, but negotia- 
tions are ongoing with a scrap metal dealer. 


The facility at Pinellas County, Florida, is presently under 
construction and is expected to be completed in 1983. A pre- 
liminary market analysis performed in 1980 indicated a large 
market exists for recovered ferrous in the Tampa Bay area. No 
negotiations are ongoing; present plans call for finalization 
of market contracts after completion of the facility. Prelimi- 
nes Ge quotes for reclaimed ferrous metal averaged $20/ 
ton. 
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Table 7-2 


Facilities Utilizing Ferrous Recovery 
from Incinerator 


Refuse 
Process. 
Location Rate 
tpd 
Saugus, MA 17200 
Chicago, IL i 200 


Harrisburg, PA 720 


Pinellas 
County, 2/000 
FL 


Ferrous 


Recovery 


tpd 
84— 


78 


65 


Under 


construc= 


tion 


Type 
of 


System 


Trommel/ 
drum 


Drum 


Drum 


N/A 


Residue 


Final Current 


Market Price 
$/ton 

Scrap > $7 

dealer 

None Paying 
Oo Gee 
disposal 

Stock- $0 

piling 


Industry $20 


Contact 


Ken Batton 


Emil Nigro 
Carl Albert 


Don Acenbrack 


Through contacts with the Institute of Scrap Iron and Steel 
(ISIS), a large dealer/exporter of scrap iron has expressed a 
strong interest in formulating an agreement with the City of New 
York to purchase incinerated scrap recovered from the Southwest 
Brooklyn Incinerator. Under the terms of this agreement, the 
scrap dealer would supply suitable storage containers for the 
metal and provide transportation off-site. The City would re- 
ceive "nominal" payment for the material, approximately $5 to 
$6/gross ton (gross ton = 2,240 pounds) F.O.B. Southwest Brook- 
lyn based on December 1980 market values and interest rates. 
The scrap dealer under contract to Saugus, Massachusetts, has 
also expressed an interest in purchasing the incinerated scrap 
under a Similar agreement, but at a significantly higher price 
(approximately $12/ton). 


76m2 SIncineratorsAggregqate 


Each option for utilization of incinerator aggregate (resi- 
due) presented in subsection 7.5 was evaluated with regard to 
technical viability and the potential for market penetration. 
Technical viability was assessed by means of a qualitative 
evaluation of anticipated processing difficulties, and the sta- 
tus of product development. For example, minimum processing 
requirements and more favorable operating or testing history 
resulted in a more favorable evaluation. Market penetration 
potential was assessed by considering markets within the 
vicinity of the Southwest Brooklyn Incinerator and their 
willingness to accept incinerator residue aS a raw material. A 
Summary of this evaluation for various screened residue options 
is presented in Table 7-3. The recovery of screened residue as 
a bituminous aggregate extender was judged to have the greatest 
potential for successful implementation. 


In 1979, the Federal Highway Administration investigated the 
economic feasibility of using incinerator residue in lieu of or 
as a supplement to aggregates in road and highway construction 
in several metropolitan areas. This analysis indicated that the 
utilization of unfused residue as bituminous aggregate(2l) is 
economically feasible in the entire five boroughs of New York 
City (with the exception of the southernmost tip of Richmond). 
The study estimated the total aggregate consumption for the New 
York metropolitan area (including Putnam, Rockland, and West- 
chester Counties in New York, and Bergen County, New Jersey) at 
8.33 million tons in 1979, with a projected increase of 1l per- 
cent by 1990. The average ‘price paid for this material in, 19788 
including barging, was $5.65/ton. Contacts with the New York 
City Department of Transportation (DOT), the Asphalt Institute, 
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Evaluation of Potential Markets for Screened 


Option 


Lightweight structural 
concrete 


Strucrura let ila 


Glass polymer piping 


Aggregate extender 
in asphalt production 


Concrete aggregate 


Table 7-3 


Residue 
Potential 
for Market 
Comment Penetration 
Glass separation required. Poor 
No operating history. 
Leaching environmental Poor 
problems. Compaction and 
workability concerns. 
Glass separation required. Poor 
Experimental status. 
Use as base course for road. Good 
Need lime addiction. Ex- 
tensively studied by Federal 
Highway Administration. 
Test cases show feasibility 
of utilizing all fractions 
residue. 
FHWA testing showed poor Poor 


results. Portland Cement 
Institute (PCI) declared it 
undesirable for utilization. 


and local asphalt plants indicated the average 1981 price to be 
approximately $10/ton. In New York City, the bulk of aggregate 
used for construction is barged rather than trucked to the proc= 
essing site or asphalt plants. This would greatly facilitate 
the use of residue from incinerators which presently incorporate 
barge-loading facilities. 


The technical viability of utilizing incinerator aggregates in 
bituminous mixtures has also been demonstrated by the Federal 
Highway Administration. (22) The New York City Asphalt Plant 

at Hamilton Avenue provides an accessible market for the South- 
west Brooklyn Incinerator residue. 


Since the asphalt plant and incinerator are owned and operated 
by City agencies, institutional arrangements required in such a 
venture are simplified. Discussions with the New York City De- 
partment of Transportation (Highway Department) were initiated 
for utilizing incinerator aggregate in its operations. The 
Hamilton Avenue Asphalt Plant has a design capacity of 7,200 tpd 
of asphalt. Most of the asphalt generated is for use as a wear- 
ing course as opposed to a base course where most previous test- 
ing of incinerator residue has been focused. Considering the 
small quantity of aggegate which would be contributed by the 
Southwest Brooklyn Incinerator (200 tpd), an appropriate mix of 
incinerator residue and aggregate could be formulated to ensure 
that Department of Transportation specifications are met. Ap- 
pendix G presents a detailed outline of the proposed testing 
program for formulating the desired mix. 


Some processing of the residue is required prior to its use as 
a subbase or aggregate supplement. Preparation of the residue 
requires removing miscellaneous debris which would decompose or 
hinder the workability of the material. For well-burned 
residue, removal of these objects (e.g., metal cans, large 
pieces of wood) can be accomplished by a combination of screen- 
ing and magnetic separation. Removal of all objects whose 
largest dimension is 3 inches would eliminate most, if not all, 
of this debris. However, the residue will be a better aggregate 
Material if the maximum particle size is reduced to 2 inches or 
less. On the average, approximately 4-6 percent of pulverized 
lime should be added to the residue to act as a stabilizer and 
binder. Pugmill processing is required to screen the admixture 
to acceptable highway specifications. In addition, the absorp- 
tive properties of the residue cause an increase in the asphalt 


cay 


demand of about 2 percent, as compared to virgin materials. 


7.7 MATERIALS RECOVERY CONCEPT DESIGN 


Five alternative process flow schemes were evaluated for ma- 
terials recovery at the Southwest Brooklyn Incinerator and are 
described in the following subsections. The five alternative 
schemes include three partial material recovery options in which 
a portion of the residue is recovered and the remaining part is 
barged to Fresh Kills, and two total recovery concepts where all 
of tne residue is recovered and barging to Fresn Kills is elimi- 
nated. Capital and operating cost estimates are presented for 
each alternative. 


4./e1 Partwvaly Recovery Concepts 


Three concepts were evaluated which incorporate recovery of 
ferrous metals and/or residue aggregate materials. In each of 
these alternatives, a portion of the residue is returned to the 
existing disposal barge for landfilling. A general site plan 
for these alternatives is presented on Figure 7-l. 


file ec binnul vem ——srerrous Materlals Recovery. 


This process incorporates a rotating trommel screen to remove 
grit and small (<1 1/2-inch) objects from the residue to pro- 
vide a cleaner ferrous product. Oversize materials from the 
screen are passed under a rotating drum magnet which diverts 
the ferrous materials to a storage hopper for ultimate resale. 
Undersize materials from the trommel and nonferrous materials 
are collected in the existing barge for landfill disposal. 
Figure 7-2 illustrates this process concept. 


7.7.1.2 Alternative 2 -- Aggregate Recovery. 


In this concept, incinerator residue is passed through a trommel 
screen allowing rocks, grit, ceramics, ash, and small ferrous 
materials, to pass through. This undersize residue is mixed 
witn 4-6 percent lime and conveyed to a barge for transport to 
the asphalt facility. Oversize residue is conveyed back to the 
existing barge for landfill disposal. This process is shown on 
E2qgure /-~3. 


7e-/el.3 Alternative 3 -- Ferrous and Aggregate Recovery. 


Tnis alternative combines Alternatives 1 and 2 into an inte- 
grated recovery system. Incinerator residue is screened by a 
rotating trommel. Undersize material is mixed with lime and 
conveyed to a barge for transport to the asphalt facility. 
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Oversize materials are magnetically separated; ferrous materials 
are returned to the existing barge for: disposal. This alterna- 
tive is illustrated on Figure 7-4. 


7.7.2 Major Equipment 


Descriptions of the major components of Alternatives 1 through 3 
as they appear in Table 7-4 are as follows: 


a 


Trommel screen -- Includes a rotating trommel screen 
with 1 1/2-inch circular openings, complete with 
foundations, spray system and drain, motor drive, 
and inlet/outlet chutes. 


Bifurcated hopper -- Consists of a collection hopper 
below the trommel screen with dual discharges to 


separate delivery chutes. 


Delivery chutes -- Steel chutes which convey undersize 
Materials from the trommel hopper, or bifurcated 
hopper to either disposal conveyor. 


Magnetic separator -- Consists of a permanent magnet 
ferrous metal separation drum with magnesium casing, 
motor and drum drive, and Support structure. 


Ferrous storage hopper -- Used to contain separated 


ferrous prior to marketing. This steel hopper 

has avnominal: capacity, of 150-cubichyards, or 
approximately 24 hours of storage. The approximate 
dimensions of the hopper are 16 feet x 16 feet x 

16 feet; suitable access is provided for 50-cubic 
yard roll-off containers to be filled from a chute 
on the underside of the hopper. 


Reject chute -- Collects nonferrous materials 
rejected by the magnetic drum and diverts this ma- 
terial to the disposal conveyor. 


Beilticonveyors#.-fUsendstoatransportmresiduertrom 
the existing barge conveyors to the new materi- 
als recovery facility: from the building to jthe 
disposal and screened residue barge; and to the 
ferrous storage hopper. All conveyors exposed to 
the elements are covered; conveyors which run 
above-grade are provided with access platforms 
and ramps. The screened residue conveyor is 
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equipped with a travelling discharge spout to 
allow longitudinal loading of the residue barge. 


8. Conveyor supports -- Provided to elevate appro- 
priate sections of the conveyor system. The 


supports consist of steel bents, as required to 
Support the weight of the conveyor and residue 
fractions. 


Sea rolundesgates! -sr Includeselectrically-operated 
Slide doors to open and close the bottom of the 
existing barge conveyors. In the open position, 
residue falls to the new belt conveyor and is 
transported to the materials recovery building. 
When closed, the recovery process is bypassed. 


10. Lime addition equipment -- Supplied on alterna- 


tives incorporating screened residue recovery. 
This equipment consists of a lime storage hopper 
and feeder which serves to meter a predetermined 
quantity of lime into the screened residue prior 
to storage in the residue barge. An estimated 
two-day supply of lime can be stored in the 
hopper. 


ll. Enclosure -- A prefabricated steel building com- 
plete with operator's office, HVAC, suitable 
foundations and pilings, garage doors, lighting, 
and overhead travelling crane will be used to 
house the trommel and magnetic separator. 


12. Dredging and bulkheads -- Includes dredging the 


existing barge slip south of the incinerator to 
accommodate barges for screened residue, and to 
permit refurbishing the existing bulkhead. 


weiss Cost Lstimates 


Cost estimates for Alternatives 1 through 3 are presented in 
Table 7-4. Annual costs for operation and maintenance, as well 
aS projected revenues, are presented in Section 9. 


7.104’ TotalsRecovery ‘Concepts 


Two concepts were developed which eliminate the need for the 
existing barge disposal system. In each of these systems, non- 
ferrous materials rejected by the magnetic drum are shredded and 


Partial Recovery Alternatives -- Capital Costs 
Alternative 
1 2 3 
Ferrous 
and 
Item Ferrous Aggregate Aggregate 
Trommel screen $ 55,000 $ 55,000 $ 55,000 
Bifurcated hopper -- ~< 5,000 
Delivery chutes 270 P25:500 15,000 
Magnetic separator 35,000 ae 35,000 
Ferrous storage hopper 50,000 “= 50,000. 
Reject chute 2,500 27500 2,500 
Belt conveyors eZ, 0.0.0 200,000 221,060 
Conveyor supports 20,000 30,000 40,000 
Slide gates 15,000 15,000 15,000 
Lime addition equipment -- 45,000 45,000 
Enclosure $2710.00 29,000 32,000 
Foundation 6,000 6,000 6,000 
Site work 76,000 76,000 76,000 
Assembly and materials 4,000 4,000 4,000 
Dredging and bulkheads =- 62,000 62,000 
$433,000 $537,000 $663,500 
Electrical at 15% 65,000 81,000 100,000 
Instrumentation at 5% 22,000 277000 33,000 
Total Equipment Costs $520,000 $796,500 


Table 7-4 


$645,000 


returned to the incinerator. The shredding process reduces the 
trommel oversize materials so that they pass through the screen 
on the next pass. In addition, large combustibles are reduced 

in size and thus, are more easily burned in the incinerator. A 
typical site layout for these concepts is illustrated on Figure 
1-5. 


7.7.4.1 Alternative 4 -- Total Recovery with Ferrous Materials 


Sale. 


This concept is Similar to Alternative 3, with the addition of 
the nonferrous shredder and recycling system just described. 
Ferrous materials separated by the magnetic drum are stored 
prior to marketing; screened residue (trommel undersize) is 
mixed with lime and stored in the screened residue barge. Fig- 
ure 7-6 illustrates this process. 


7.7.4.2 Alternative 5 -- Total Recovery with Optional Ferrous 
Materials Sale. 


This alternative is identical to Alternative 4, with the addi- 
tion of a ferrous shredder. This offers the option of adding 
shredded ferrous materials to the screened residue to increase 
aggregate output. This process is illustrated on Figure 7-7. 


7.7.5 Major Equipment 


Descriptions of major components are identical to those pre- 
sented in subsection 7.7.2, with the following additions: 


1. Nonferrous conveyor -- Transports rejects from 
the magnetic drum to the new shredder located 


adjacent to the receiving pit. Nonferrous 
Materials are shredded to <1 1/2-inch and 
redeposited in the refuse pit for reincinera- 
iON. 


2. Nonferrous shredder -- Provided to reduce the over- 
Size nonferrous materials from the trommel screen. 
This unit consists of a hammermill designed to 
reduce the material size to <1 1/2-inch. 


3. Ferrous shredder and enclosure -- Used to reduce 
the ferrous materials in the residue to <1 1/2- 
inch for incorporation into the screened residue 
for resale. The entire assembly will be housed in 
an extension to the enclosure for the trommel and 
magnetic drum. 
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teiwo —Cost Estimates 


Capital cost estimates for Alternatives 4 and 5 are presented in 
Table 7-5. Operating costs and revenues are discussed in Sec- 


PEON s 


Table 7-5 


Total Recovery Alternatives -- Capital Costs 
Alternative 
4 5 
Ferrous Resale Ferrous Resale 
with Residue or Total 
Item Aggregate Aggregate 
Equipment cost estimate 
(Alternative 3) $663,500 $663,500 
Nonferrous conveyor 25,000 25,000 
Nonferrous shredder 25,000 25,000 
Ferrous Shredder and 2 75,000 
enclosure 
$713,500 $788,500 
Electrical at 15% . 107,000 LIS howe 
Instrumentation at 5% 36,000 39,000 
Total Equipment Costs $856,500 $945,500 


SECTION 8 © 
FURNACE NO. 1 AIR POLLUTION ABATEMENT RECOMMENDATIONS 


8.1 BACKGROUND 


Emission of particulate matter from the incineration of munici- 
pal solid wastes in New York State is regulated by Part 222 of 
the NYSDEC Official Compilation of Codes, Rules and Regulations. 
According to Part 219 of the Code, the combustion of refuse for 
the purpose of energy recovery is also regarded as an incinera- 
tion process and is subject to identical emission standards. 
Allowable emission limits for particulate matter emanating from 
refuse incinerators are presented on Figure 8-l. Based ona 
refuse processing rate of 1,000 tpd, the permissible particulate 
emissions limit at the Southwest Brooklyn Incinerator is 45 lbs/ 
hr/stack. 


In the early 1970's, several methods of controlling incinerator. 
plant stack emissions were proposed to the City of New York by 
various equipment suppliers. These methods included: 


1. A high energy wet scrubber (Chemical Construction 
COEDS).« 


2. An upflow gas-conditioning tower coupled with an 
electrostatic precipitator (Research Cottrell 
SOLD. hs 


3. A downflow gas-conditioning tower coupled with an 
electrostatic precipitator (Wheelabrator Corp.). 


Three incinerator plant locations were selected by the City of 
New York for testing the proposed technologies: Southwest 
Brooklyn, South Shore, and East 73rd Street. One furnace train 
at each facility was equipped with one of the aforementioned 
abatement methods by the respective equipment manufacturer. Of 
the three methods, the downflow gas-conditioning tower and elec- 
trostatic precipitator, installed at the Southwest Brooklyn In- 
Cinerator Plant, proved the most successful in terms of opera- 
tion, equipment life, and emission abatement efficiency. Opera- 
tion of this equipment reduced particulate emission rates from 
100 lbs/hr down to approximately 7 lbs/hr, for an average col- 
lection efficiency of 93.5 percent. 
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FIGURE 8-1 PERMISSIBLE PARTICLE EMISSIONS 
FROM INCINERATORS 
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Several independent engineering studies were performed using 
the operating history and subSequent emission test results from 
the Southwest Brooklyn Incinerator Plant furnace train proto- 
type. Engineering and redesign was performed on the remaining 
three furnace trains at this facility, as well as the remaining 
five incinerator plants. The engineering and redesign was com- 
pleted incorporating the downflow gas-conditioning tower, and a 
two-field electrostatic precipitator. 


Due to excessive construction costs associated with some of the 
redesign concepts, only three of the incinerator plants were 
rehabilitated: Southwest Brooklyn, Greenpoint, and Betts Avenue. 
At this time, the equipment at all three plants is’in various 
Stages of completion. ' 


8.2 PRESENT STATUS 


At the Southwest Brooklyn Incinerator facility, furnace No. l 
is still equipped with the original prototype system, the down- 
flow tower design. This equipment has not been operational for. 
some time, and a review of the installation, coupled with dis- 
cussions with plant operating personnel, indicates that a 
complete electrostatic precipitator replacement is required 
while much of the refractory in the uptake flue gas breeching 
and the gas-conditioning tower itself is in need of replacement. 
A visual inspection of the electrostatic precipitator, in the 
areas where the insulation and caSing are missing, indicates 
severe corrosion resulting from dew-point acid attack. Similar 
corrosion is evident on the gas-conditioning tower and the in- 
duced-draft fan. ; 


The downflow flue gas-conditioning system, presently installed 
but inoperative on furnace No. 1, is connected to the top of the 
existing separation chamber. The flue is lined with firebrick 
and rises approximately 85 feet above grade and enters the top 
of the gas-conditioning tower. The system was designed to 
handle 169,500 CFM of flue gas at 1,210°9 F. The gas-condi- 
tioning tower has a 9-inch thick castable refractory liner over 
the upper 20 feet of straight shell height, anda 4 1/2-inch 
thick acid resistant brick over the remainder of the tower. A 
group of spray nozzles is located in the transition section be- 
tween the flue and the gasS-conditioning tower entrance. These 
nozzles are of the manufacturer's proprietary design, and oper- 
ate on a back-pressure system with modulating control. 
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The spray water supply pumps are designed to deliver 150 gpm at 
650 psi. The conditioned flue gas exits from the lower side of 
the gas-conditioning tower into a metal breeching and turns up 
into a distribution section located at the electrostatic pre- 
CiprleacoLl inlet. 


The overall size of the electrostatic precipitator is 20 feet- 

8 inches long by 23 feet 2 inches wide. The flow velocity is 
approximately 4 ft/sec, resulting in a retention time of 5.4 
seconds. The retention time in the gas-conditioning tower, over 
the active height of 42 feet, is approximately 4.25 seconds. 


The electrostatic precipitator shell construction consists of 
3/16-inch mill steel with structural stiffeners. Tne gas-condi-'° 
tioning tower shell is 1/2-inch and 3/8-inch boiler plate over 
the 9-incn and 4 1/2-inch refractory linings, respectively. 


The new air pollution control systems, installed on furnaces 
nos. 2, 3, and 4, as proposed under Project S-157, | 3) are 
comprised of the following equipment: 


l. Gas-Conditioning Tower. 


The gas-conditioning tower is designed to handle 
154,300 ACFM of unconditioned furnace flue gases 
at an approximate temperature of 1,420°F. The 
gas-conditioning tower is completely refractory 
lined as described in the paragraphs that follow. 


The downflow concept gas-conditioning tower 
necessitated the installation of an 8-foetvinside 
diameter, vertical, refractory-lined gas passage 
located at the fiue gas discharge end of the 
existing furnace. The gas passage extends upward 
through the existing building roof. At the high 
point, the gas passage turns down, reversing the 
gas flow. The gas passage then enters a 16-foot 
inside diameter refractory-lined gas-conditioning 
tower through an integral refractory-lined transi- 
tion piece which houses the gas- COR eomuod water 
spray nozzles. 


The conditioned flue gases leave the gas-condi- 
tioning tower approximately 20 feet above grade. 
The bottom of the gas-conditioning tower is 
equipped with asn discharge valves to hold the air 
seal, and a horizontal drag-flight conveyor to 
transport the deposited fly ash to the main collec- 
tion conveyor. 


Z. Electrostatic: Precipitators. 


Two-field electrostatic precipitators were provided 
with overall plan dimensions of approximately 21 
feet by 13 feet. Each field is approximately 9 
feet long, arranged in series. The shell is 3/16- 
inch Corten, gas-tight, unitized, welded construc- 
tion. The electrostatic precipitators were 
designed for a water gauge pressure of 20 inches 
positive or negative, a working stress of 20,000 
psi maximum, and a maximum operating temperature of 
650°F. The electrostatic precipitators handle 
approximately 105,600 ACFM of conditioned flue 
gases at an average temperature of 550°F. 


3. Induced-Draft Fans. 


The induced-draft fans were designed to handle 
105,600 ACFM, plus “test-block" allowances at 
550°F, and a static pressure of 6-inches water 
gauge as determined by the final design arrange- 
ment. The induced-draft fan draws the condi- 
tioned flue gases from the electrostatic precipi- 
tator and discharges them into the stack. 


4. Water Booster Pumps. 


Individual water booster pumping systems were pro- 
vided for the gas-conditioning tower. These pumps 
supply cooling water to the unconditioned furnace 
Flue gases. Each system consists of one pump and 
One spare pump, each designed to supply 100 gpm at 
300-psi pressure at the spray nozzles, including 
the necessary valving, solenoid valves, etc. 


6. 


7. 


Insulation. 


Insulation was provided for the entire electro- 
Static precipitator, all breeching, induced-draft 
fan, ash conveyors, and exposed water-and air 


piping. 
Breeching. 


Interconnecting breeching was provided between the 
gas-conditioning tower and the electrostatic pre- 
cipitator, including the necessary access doors, 
test openings, turning baffles, etc; between the 
electrostatic precipitator and the induced-draft 
fan, including the test opening, turning baffles, 
etc; and between the induced-draft fan and the 
existing stack. The breeching was designed to 
withstand the positive and negative pressures and 
temperature stresses in the system, and includes 
expansion joints as required. 


Fly Ash Removal. 


The fly ash collected in the gas-conditioning tower 
is removed using a horizontal drag-flight conveyor. 
The electrostatic precipitators are also emptied 
through a drag-flight conveyor. These individual 
conveyors discharge into a centraliy-located con- 
veyor system. This system of drag-flight conveyors 
penetrates the existing building wall at one 
location and deposits the collected fly ash into 
one of two existing furnace residue conveyors. 

This design provides operating flexibility in the 
event of mechanical failure. All fly ash removal 
conveyors located outside the incinerator plant 
building are totally enclosed, insulated, and elec- 
trically-traced so that the fly ash will not 
freeze. Tne minimum drag-flight conveyor width is 
12 inches. 
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The two major control systems proposed under Project S-157 were: 


1. Gas Temperature Control System. 


The control of the gas temperature at the electro- 
Static precipitator is maintained by varying the 
number of solenoid-controlled water spray nozzles 
in operation. The temperature-sensing device con- 
sists of parallel thermocouples located at the 
inlet breeching to the induced-draft fan. Paral- 
lel thermocouples are provided to protect the 
system against shutdown due to the failure of one 
thermocouple. Loss of temperature signal auto- 
matically drives the system to maximum cooling. 


2. » Furnace Draft Control System. 


The removal of combustion products from the fur- 
nace is controlled by variable speed operation of 
the induced-draft fan. Control signals repre- 
sentative of furnace draft and motor current are 
monitored by a sSignal-selected unit to maintain 
furnace draft at the desired set point under all 
conditions that do not involve a motor overload. 
The motor current overload protection is provided 
to prevent shutdown of the system if cold gas 
overloads the fan during start-up and shut-down 
Operations. Motor speed and draft indicators are 
provided. 


8.3 CONCEPT DESIGN 


Based on a review of air pollution control requirements and the 
deteriorated condition of the existing equipment, it is recom- 
mended that the existing air pollution control equipment, in- 
cluding the downflow gas-conditioning tower, single-field elec- 
trostatic precipitator, induced-draft fan and drive, breeching 
and ductwork, and associated spray water pumps and piping as- 
sociated with furnace No. 1, be demolished and removed. In 
place of this equipment, a new system, Similar in design to the 
remaining three furnaces, should be installed. This equipment 
would include: 


1. A downflow gas-conditioning tower and associated 
breeching and possible external insulation. 


/ 
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2. A two-field electrostatic precipitator external- 
ly insulated and clad. 


3. An induced-draft fan and drive (capable of han- 
dling waste heat boiler pressure differential). 


4. Modified waste heat bypass dampers. 


5. A control system compatible with the remaining 
three furnace trains. 


A site plan of this equipment is illustrated on Figure 8-2. 


While it is possible that the gas-conditioning tower and 
refractory-lined uptake flue could be eliminated due to the 
incorporation of the waste heat boiler, the gas-conditioning 
tower is still an alternate flue gas path and will allow refuse 
incineration while the waste heat boiler is out of service. In 
addition, the entire resource recovery portion of this feasi- 
bility study is conceptual at this writing. If the waste heat 
boilers are not installed, flue gas cooling on furnace No. l 
could not be accomplished without the inclusion of the gas-con- 
tioning tower. 


Normal operation involving incineration and resource recovery 
through the waste heat boiler will remove considerable moisture 
from the flue gas stream. This could adversely affect the par- 
ticulate collection in the electrostatic precipitator. Conversa- 
tions with manufacturers of electrostatic precipitators indicate 
that they do not feel that the equipment will be adversely af- 
fected due to the design parameters originally employed. Fur- 
thermore, should the "dry" flue gas affect the collection effi- 
ciency, one or more of the individual gas-conditioning tower 
water sprays could be operated to add the required moisture. 
This method of operation will lower the temperature of the flue 
gas but, due to the additional insulation specified between the 

- waste heat boiler outlet and the electrostatic precipitator in- 
let, neither the power generation rate nor the electrostatic 
precipitator collection efficiency will be affected. 


8.3.1 Major Equipment 


To accomplish the recommended concept work, the following work 
items and their associated costs are presented: 
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4. 


Demolition. 
Demolition includes the removal of: 
a. Existing refractory-lined uptake flue. 


b. Refractory-lined steel-shell gas-condition- 
ing tower. 


c. Single-field insulated electrostatic precipi- — 
tator. 


dad. Interconnecting breeching between: 


- Gas-conditioning tower and the electrostatic 
precipitator. 


- Electrostatic precipitator and the induced- 
draft fan. 


- Induced-draft fan to the stack. 
e. Induced-draft fan and drive. 
tiie ly. asn removal conveyors. 
g.- Water epee pumps and drives. 
h. Access platforms and SMC 


i.e Foundations. 


Excavation and Backfill. 


This includes the work required to install the 
necessary foundations and pile caps for the loads 
imposed by the new equipment. 


Piles and Foundations. 
This item includes the material and labor required 


to install the supports for the structural super- 
eae 


Paving. 


Paving includes the restoration of existing 
pavements for truck access. 
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6. 


7. 


i pee 


Structural Steel. 


This item includes superstructure similar to that 
Supporting the air pollution control equipment 
associated twith ELurnace strains “Nos. 2) 3,%and 4. 
It includes the concrete pad for the induced-draft 
fan, intermediate grating platforms, and inter- 
connecting stair towers. 


Uptake Flue. 


The uptake flue includes approximately 100 
linear feet of 8-foot inside diameter refrac- 
tory breeching. It includes the necessary 
refractory lining, transition sections from the 
secondary combustion chamber and from the flue 
to the gas-conditioning tower, and all elbows. 


Gas-Conditioning Tower. 


The downflow gas-conditioning tower designed to 
handle approximately 154,300 SCFM of unconditioned 
gases at 1,420°F, will be approximately 16 

feet inside diameter and equipped with an air- 
assisted water spray system capable of reducing 
the gas temperature to 550°F. (See Table 6-1 

for a discussion of design and operational diffi- 
culties.) 


Electrostatic Precipitator. 


A two-field electrostatic precipitator, consis- 
tent with those already in service, should be 
Provided capable of handling 105,600 SCFM of con- 
ditioned flue gases at a minimum temperature of 
400°F. The electrostatic precipitator must be 
capable of collecting sufficient fly ash particu- 
lates to limit emissions to 0.2 grains/SCFM, 
corrected to 12 percent CO? at normal combus- 
tion rates. 


Induced-Draft Fan and Drive. 


The induced-draft fan will be sized to handle 

M75, 000 CEMPat 550°R ana 0.35 lbs/cu ft. den- 

sity. This fan will have identical characteristics 
to the three existing induced-draft fans. The 


system will incorporate the additional pressure 
drop encountered as a result of the proposed waste 
heat boiler. Based on the waste heat boiler 
selected, the total system pressure drop will be 
in the 8- to 12-inch negative water column range 
which will increase the size of the variable 

speed drive motor to approximately 350 hp. 


10. Breeching. 


The breeching connecting the gas-conditioning 
tower to the electrostatic precipitator and the 
electrostatic precipitator to the existing stack 
entrance will be plain carbon steel shell. The 
breeching between the tower and the precipitator 
will be externally insulated and covered with an 
aluminum jacket. 


11. Dampers. 


The dampers will be of the butterfly valve-type 
with an elastomeric covering molded to the metal 
disc and housing. The dampers will be equipped 
with air or electric activators for full-open or 
closed positioning. 


12. Spray Water System. 


A temperature control system consisting of an air 
compressor, water booster pump nozzles, and piping 
will be supplied. The system will be similar to 
the systems presently installed on furnaces Nos. 
2, 3, and 4. The air compressor will control 

the water droplet size, thereby enhancing evapor- 
ation and reducing moisture carryover into the 
electrostatic precipitators. 


13. Fly Ash Conveyors. 


Drag-flight-type conveyors will be provided to 
transport collected fly ash from both the gas- 
conditioning tower and the electrostatic precipi- 
tator. These conveyors will be connected to and 
integrated with the existing system. 


8.4 CAPITAL COST ESTIMATES 


Capital cost estimates for the air pollution control equipment 
on furnace No. 1 are summarized in Table 8-l. Equipment costs 
with design, engineering and construction management, and con- 
tingencies are presented in Section 9. 


Capital Cost Estimate -- Air Pollution Control 
Equipment for Furnace No. l 


Item 
Demolition 
Excavation and backfill 
Pilings and foundation 
Paving 
Structural steel 
Uptake flue 
Gas-conditioning tower 


Electrostatic precipitator 


Induced-draft fan and drive 


Breeching 

Dampers 

Air compressor and piping 
Water pumps and piping 


Fly ash conveyors 


Electrical at 303 


Instrumentation at 10% 


Installation of gas-conditioning tower, 


Table 8-1 


electrostatic precipitator, and 


induced-draft fan 


Total Equipment Cost 


Cost 


$ 107,500 


5,000 
249,300 
5,400 
123,900 
230,000 
300,000 
600,000 
244,500 
120,000 
288,000 
25,000 
39,500 


112,500 


$2,450,600 


735,200 


245,100 


293,500 


$3,724,400 


SECTION 9 
COST EVALUATION 


9.1 INTRODUCTION 


The total costs and revenues associated with each energy and ma- 
terial recovery alternative discussed in Sections 6 and 7, re- 
spectively, and the costs for air pollution abatement require- 
ments discussed in Section 8, are presented in this section. 


The total capital costs for each of the three energy recovery 
alternatives were estimated based on PASNY economic criteria 
(presented in Appendix H) and include: 


1. Installed equipment costs. 

2 Tena Lembakle Ss. 

3. 7 Licensing. 

4. Design, engineering, and construction management. 
5. Contingency. 


Total bond issue requirements were developed for each energy 
recovery alternative based on the Anche schedule presented in 
Figure 9-1, and include: 


l. Debt service coverage. 
2. Bond reserve. 
3. Bond financing costs. 


4. Capitalization of operation and maintenance costs 
incurred during start-up. 


The annual costs and revenues for each energy recovery alterna- 
tive were developed utilizing PASNY criteria for electricity and 
steam rates, escalation, interest rates, and utility costs for 
make-up water. 


The material recovery capital costs presented in this section 
include: 


1. Installed equipment costs. 
2. Design, engineering, and construction management 


3. Contingency. 
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b. Cooling Tower AP Ed ae ee 
Bid Preparation and Procurement (12 months) micas 
a. Once-Through Cooling my 
b. Cooling Tower re ee 
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1. Preliminary outline drawings and budget prices of main 
equipment (e.g., boiler and turbine/generator) will be 
requested from potential suppliers. 


2. Based on the following time estimate for the necessary activities: 

a. Equipment specifications -- 2 months 

_ b. Bid preparation -- 2 months 
c. Contract awarding -- 1 month 
d. Boiler delivery -- 12 months 
e. Boiler erection (in pairs) -- 4 months 
f. Boiler startup -- 6 months 
g. Turbo-generator delivery -- 16 months 
h. Turbo-generator erection -- 6 months 
i. Turbo-generator startup -- 4 months 
Critical path -- 31 months 
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FIGURE 9-1 PROJECT SCHEDULE 
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The financing costs for implementation of these alternatives 
were not included in this analysis. In addition, annual costs 
and revenues have not been adjusted for escalation over the life 
Of the facility. 


The total costs for construction of air pollution equipment on 
furnace No. 1 have been developed, and include: 


1. Installed equipment costs. 
2. Design, engineering, and construction management. 
3. Contingency. 


No additional financing costs were developed for the air pollu- 
tion control equipment. 


9.2 ENERGY RECOVERY ALTERNATIVES 
A detailed economic evaluation was performed on the three energy 
recovery alternatives presented in Section 6. The total capital 
costs for each alternative consist of: 
1. Direct costs. 
AseetiiaeLrecticosts. 
3. Contingency. 
Each of these components was calculated using PASNY economic 
criteria. The costs for the three alternatives are presented 
in Table 9-1. 
oa. bErrectoCosts 
The direct costs for each alternative include: 
1. Installed equipment costs. 
2. Spare parts. 
3. Licensing. 
The installed capital costs for each alternative are as follows: 
Teeeeeec Cron: yearly. 
This cost includes waste heat boilers, turbine 
generating equipment, and the ancillary equipment 


listed in Table 6-5. 


Installed equipment costs = 626,972,000 


Table 9-1 


Total Capital Costs and Bond Issues 


Cogeneration Cogeneration 


Electricity -- Full -- Partial 
Item Only Steam Loop Steam Loop 
$1,000 — $1,000 $1,000 
Direct Costs 
Installed equipment $26,972 $ 53,082 - $32,309 
Spare parts 
(at 4 $) 1,079 27123 1,292 
Licensing 250 . 250 250 
“Total Direct Costs $28,301 $55,455 $33,851 
Indirect Costs 
Design, engineering, 
and construction ~ 
Management at 15% $ 4,245 Si88 aS $ 5,078 
Subtotal 532,546 7 $63,794 $38,929 
Contingency at 15% __ 4,882 9,566 5,839 
Total Capital Costs 
(1981) $37,428 $273 7340 $44,768 — 
Total Inflated Costs 
(1982) $41,171 $ 80,674 $49,240 
Total Bond Issue I $66,995 $130,583 $79,981 
(Dec. 1984) 
Total Bond Issue II Seo oo S > o,o2> €$ 8,525 


(1998) 


2. 


3% 


Cogeneration -- Full Steam Loop. 


This concept incorporates the steam generating 
equipment utilized for generation of electricity 
and adds an extraction capability for the purpose 
of supplying thermal energy to a district heating 
network. Installed equipment costs for this al- 
ternative are summarized as follows: 


Waste heat boilers and generation equipment 
(Table 6-6) $27,627,000 
District heating network (Table 5-6) 25,455,000 


Total $53,082,000 


Cogeneration -- Partial Steam Loop. 


This alternative utilizes part of the steam gen- 
erated by the combustion of refuse for distribution 
in a smaller district heating network. The total 
equipment costs are summarized as follows: 


Waste heat boilers and generating equipment 


(Table 6-6) $27,487,000 
District heating network (Table 5-5). 4,822,000 
Total $32,309,000 


Spare parts for the first year of operation are estimated at 5 


percent 


“oe 


of the installed equipment cost. 


Indirect Costs 


Indirect costs include: 


Je 
2% 


Design, 
percent 


Design, engineering, and construction management. 
Licensing. 


engineering, and construction management costs are 15 
of the total direct costs listed. Licensing and permit 


costs have been estimated at $250,000. 


eee 


Total Capital Costs and Bond Issue 


A contingency of 15 percent was added to all direct and indirect 
costsetoudevelop, the total capital costs presented in Table 9-1. 


The modifications to the incinerator will be financed with bonds 
issued for 27.5 years at 10 percent interest starting in 1984. 
This assumes a 2.5-year bid and construction period, and a 25- 
year facility life. The costs associated with this bond issue 
are: 


1. Debt service coverage. 

2. Bond reserve requirement. 

3. Bond financing costs. 

4. Interest during construction. 

5. Capitalization of start-up operation. 


Debt service coverage was established at 15 percent above total 
debt service. The bond reserve requirement is one year's inter- 
est of the total bond issue, reinvested at an annual interest 
rate of 11.5 percent. The bond financing costs are 2 percent of 
the total bond issue. Estimated operation, maintenance, and in- 
terest costs to be incurred during plant start-up are capitaliz- 
ed into the total bond issue. The total estimated operation and 
Maintenance required for start-up and shakedown for each alter- 


native were estimated at 3.5 percent of the total capital costs, . 


Total capital costs for each alternative, in 1981 dollars, were 
inflated to the time of construction (1984) using an annual in- 
flation rate of 10 percent. The total bond costs were developed 
using computer programs supplied by PASNY (Revised Bond Issue 
Program). Outputs from these programs for each alternative are 
presented in Appendix I, and summarized in Table 9-l. The 1998 
bond issue presented in Table 9-1 represents a new issue to cov- 
er the costs of the installation of new boilers. Further discus- 
sion of this new installation is presented in subsection 9.2.6. 


9.2.4 Operation and Maintenance Costs 


Operation and maintenance costs include the labor costs associ- 
ated with operating the steam plant and waste heat boiler, the 
make-up water costs associated with the cooling towers and waste 
heat boiler blowdown, maintenance, insurance, general and admin- 
istrative expenses, and contingency. The operation and mainte- 
nance costs developed are utilized to calculate cash flow (sub- 
SECCLIONGG. 24-005. 


The labor costs are based on the number of personnel required to 
operate and maintain the plant. The estimated labor force (ex- 
cluding the existing plant operation and maintenance personnel) 
is shown in Table 9-2. The estimated average 1981 labor rate 

is $30,000 per person per year, and escalates at 8 percent per 
year. The labor costs presented in Table 9-2 are based on a 
four-shift operation. 


The maintenance labor force is based on normal maintenance re- 
quirements and operation. Extra labor would be needed for major 
repairs and overhauls and equipment modifications. It is assum- 
ed that extra labor would be contracted as required. 


The make-up water costs are based on the net make-up water re- 
quirement for each of the alternatives. The net make-up water 
requirement includes the make-up for the cooling towers, steam 
cycle, and district steam system, less the reduced water usage 
for the gas-conditioning towers, which would not be in operation 
under normal operating conditions. The make-up water cost is 
$1.50/1,000 gallons in 1981, and escalates at 8 percent per 
year. 


Included for maintenance costs is 1.8 percent of the total capi- 
tal cost, such as spare and repair parts, annual chemical costs 
for steam cycle treatment and circulating water treatment, and 
miscellaneous overhaul and replacement requirements. This esti- 
Mate escalates at 8 percent per year and iS an average value 
based on previous estimates for a power plant of about 20 MW. 

It does not include routine incinerator maintenance or grate re- 
placement costs since these expenses will be incurred even if 
the proposed modifications are not made. It is anticipated, how- 
ever, that incinerator maintenance will decrease since the oper- 
ation will be continuous. The incinerators will not be subjected 
to the thermal stresses of weekly start-ups and shutdowns as is 
now the case. 


Insurance is estimated at 0.25 percent of the capital cost; and 
general and administrative expenses are 5 percent of the total 
payroll, utilities, maintenance, and insurance costs. 


The power cost associated with the operation of the plant auxil- 
iaries is not included as an operating cost since the total gen- 
erating capacity and steam revenues already are based on net 
generating values. The auxiliary power requirement is subtract- 
ed from the gross capacity prior to calculating the revenues in 
subsection 9.2.5. 


Table 9-2 


Operating and Maintenance Labor (Energy Recovery) 1 


Category | People 
Plant Superintendent 
Plant Clerk 
Foreman -- Shift 
Control Room Operators 
Utility Operators 


Maintenance Personnel 


ie - & OO B® Ff 


Electrician 


Total 23 


lassumes four-shift operation; plant is to be operated 7 
days/week, 24 hours/day. 


A listing of the operating costs for 1981, shown in Table 9-3, 
provides the basis for future escalated operation and mainte- 

nance costs, utilized for analyzing cash flow, as discussed in 
Subsection 9.2.6. 


9.2.5 Projected Revenue Criteria 


Estimates of electrical generation capacity were developed based 
on the energy availability model discussed in Section 4. The 
total electricity generated for revenue calculations is present- 
ed in Table 9-4. Projected revenues are based on the economic 
criteria presented in Appendix H, and the project schedule pre- 
sented in Figure 9-l. 


Projected revenues for each alternative were developed using New 
York State Power Pool rates for electricity, and either a direct 
oil replacement rate (0.3 percent sulfur) or ona rate based on 

oil costs that included the operational cost of the cogeneration 
portion of the facility. The derivation of these rate structures 
is presented in Appendix J. 


Using the varying rate structures, five projected revenue 
streams were generated, as follows: 


© 1A Electricity only (New York State Power Pool). 


) 2A Partial steam loop (New York State Power Pool) + 
(oil replacement). 


e 2B Partial steam loop (New York State Power Pool) + 
(oil and O&M rate). 


© 3A Full steam loop (New York State Power Pool) + 
(oil replacement). 


© 3B Full steam loop (New York State Power Pool) + 
(oil and O&M rate). 


Revenues for both cogeneration alternatives are based on the as- 
sumption that periods of high steam demand will occur when all 
of the waste heat boilers are operating. Therefore, it is as- 
sumed that the steam demand (up to the maximum steam generation 
rate of the waste heat boilers) can be supplied whenever needed. 
Also, for the purposes of this study, it has been assumed that 
construction of either steam transmission and distribution net- 
work will be completed concurrently with the construction of the 
generating equipment. Numerous other approaches can be used but 
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Table 9-3 


Estimated O&M Costs for Energy Recovery Portion of Facility 
(Third quarter 1981 dollars) 


Cost Element 
Payroll (23 x §30,000) 


Utilities 


Maintenance (1.8 percent of 


capital cost) 


Insurance (0.25 percent of 
capital cost) 


Subtotal 
G&A expenses (5 percent) 
Subtotal | 


Contingency fund (15 per- 
cent) 


Total 


Electricity Only 


$690 ,000 
10,000 
485,000 


70,000 


$1,255,000 


$___65,000 


$1,330,000 


200 , 000 


$1,530,000. 


Annual Cost 


Full Steam Partial Steam 


6690 ,000 


(40,000) 1. 


955,000 


__133, 000 


$1,738,000 


87,000 


$1,825,000 


275,000 


$2,100,000 


$690,000 


(13,000)2 


582,000 


81,000 


$1,340,000 
67,900 


$1,400,000 


210,000 
$1,600,000 


lFigures in parentheses represent savings due to not operating the 
gas conditioning tower sprays, and reduced cooling tower makeup 
water requirements when heat is Asse to the district heating 


system evaporator. 


Table 9-4 


Projected Electricity Generation 


Generating Capacity Net Generating 
Gross net? Hours/Year Capacity 
kW kW kWh 
177300 157.950 2,540 407, O13 000 
13,1220 E7950 Sipe 39,726,900 
8,490 7,480 1,660 : 12,416,800 
3,090 3,160 350 1,106,000 


Total 93,762,700 


Inet generating capacity is the gross capacity less all incre- 
mental auxiliary power required by the waste heat boiler retro- 
fit, turbine generator, and balance of plant equipment. 


this method ensures that the district heating alternatives re- 
ceive the most favorable consideration possible. The steam reve- 
nues included in the cash flow forecast are the highest possible 
revenues attainable. Total quantities of steam generated are 
presented in Table 9-5. 


For each steam alternative, main steam is taken as required to 
satisfy district heating requirements. The balance is introduc- 
ed to the turbine for electrical generation. A detailed dis- 
cussion of the cogeneration operating strategy is presented in 
subsection 6.3.4. Calculated revenues for each process alterna- 
tive are presented in the cash flow analyses in subsection 
9o20. 


9.2.6 Cash Flow Forecasts 


The cash flow forecasts for the three alternatives are shown in 

Tables 9-6 through 9-10. These forecasts are based on the capi- 
tal cost estimates discussed previously and the economic crite- 

ria listed in Appendix H. The basis for the debt payment esti- 

Mates is the Revised Bond Issue Program (Appendix I). The fore- 
casts summarize the escalated annual costs and revenues. 


The cash flow projections presented in Tables 9-6 through 9-10 
were developed by combining the output of the Revised Bond Issue 
Program with the projected revenue rate factors previously dis- 
cussed. In order to facilitate the replacement of the four waste 
heat boilers, a second bond program wasS run assuming a 12.5-year 
service life of the boiler internals (replacement in 1998). It 
was assumed that replacement of the boiler internals would cost 
80 percent of the 1981 capital cost of the boilers, escalated to 
1998 at 10 percent per year. 


A sixth cash flow for comparison purposes, using electricity 
rates based on oil replacement costs, is presented in Appendix 
F e ” 


The operation and maintenance costs are the total costs discuss- 
ed previously in subsection 9.2.4, and escalated at 8 percent 
per year. 


Electricity and steam revenues are based on the generating ca- 
pacities listed in subsection 9.2.5. 


Table 9-5 . 


Projected District Heating and Electricity Generation 


Alternative Capacity 
Full Steam Loop System 


Net generating capacity 43,397,600 kWh/yr 
Steam supply 548.0 million lbs/yr 


Partial Steam Loop System 


Net generating capacity Vly 12, 2UUBRWD/Y TL 
Steam supply 2357.5 ML miionelps7y rT 
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9.3 MATERIAL RECOVERY ALTERNATIVES -- EQUIPMENT COSTS 


Alternatives for materials recovery have been presented in Sec- 
tion 7. These alternatives include material recovery strategies 
which aré based on partial and total recovery concepts. Costs 
developed for each of these alternatives do not include owner 
financing costs or escalation over the life of the facility. A 
15-year life was assumed for cost-estimating purposes. 


9.3.1 Partial Recovery Concepts 


Installed equipment costs for three partial recovery concepts 
have been presented in Table 7-4, and are summarized as follows: 


Ferrous only $520,000 
Aggregate only $645,000 
Ferrous and aggregate $796,500 


For each of these alternatives, the quantity of material dis- 
posed at Fresh Kills is reduced but not eliminated. A portion 
of the residue is still destined for ultimate landfill disposal. 


Jee ee lOLal necovery Concepts 


Estimates of installed equipment costs for the two total recov- 
ery concepts have been presented in Table 7-5, and are summa- 
rized as follows: 


Ferrous resale with aggregate $856,500 
Ferrous resale or total aggregate $945,500 


Both toal recovery concepts eliminate the requirement for land- 
fill disposal during periods of normal operation. 


Sow emelotalecapital and Operating \Costs 


Installed equipment costs for each alternative have been adjust- 
ed to include: 


1. Design engineering, and construction management. 
2. Contingency. 


Total capital and operating costs for partial recovery concepts 
are shown in Table 9-11; capital and operating costs for the to- 
tal recovery concepts are presented in Table 9-12. The total 
annual costs presented in Tables 9-1l and 9-12 include power re- 
quirements, chemicals, manpower, and debt service costs at 8 
percent with a 15-year equipment life. 
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Total Capital and Operating Costs -- 


Item 
Capital Costs 
Installed equipment costs 


Design engineering and con- 
struction management at 20% 


Contingency at 15% 


Total 


Operating Costs 


Maintenance (3% of capital costs) 
Power (at $0.10/kWh) 

Manpower (at $30,000/year) 

Lime (at $60/ton) 


Total 


Total Annual Costs 
Debt service (8%, 15 years) 


Operating costs 


it 
Ferrous 


Only 
$520,000 


104,000 
94,000 


$718,000 


$ 16,000 
29,000 
30, 000 


$ 75,000 


$ 84,000 


75,000 


$159,000 


Partial Recovery Concepts 


2 
Aggregate 


Only 
$645,000 
129,000 


116,000 


$890,000 


$ 19,000 
36,000 
30,000 


110,000 


$195,000 


$104,000 


195,000 
$299,000 


3 


Ferrous and 


Aggregate 


$ 796,500 


159,000 


143,000 


$1,089,500 


$ 24,000 
28,000 
30,000 


110,000 


$ 202,000 
$ 128,000 

202,000 
$ 330,000 


Table 9-12 


Capital and Operating Costs -- 
Total Recovery Concepts 


Item 4 5 
Ferrous Resale Ferrous Resale 
with Residue Or 
Capital Costs Aggregate Total Aggregate 
Installed equipment costs S 328567500 $ 945,500 
Design engineering and con- ; . 
struction management at 203% 171,000 189, 000 
Contingency at 153% 154,000 170,000 
Total $1,181,500 $1,304,500 
Total Ferrous 
Operating Annual Costs Aggregate - Resale 
Maintenance (3% of capital costs) $ 26,000 $ 28,000 $ 28,000 
Power (at $0.10/kWh) 50,000 65,000 50,000 
Manpower (at $30,000/year) © . 45,000 60, 000 45,000 
Lime (at $60/ton) 125,000 171,000 125,000 


Total $246,000 $324,000 $ 248,000 


Total Annual Costs 


Debt service (8%, 15 years) $138,000 $152,000 om 152,000 
Operating costs 246,000 324,000 248,000 


$384,000 $476,000 $ 400,000 


9.3.4 Projected Revenues 


For each alternative, projected revenues were calculated for 
both a City-owned and privately-owned recovery facility. Reve- 
nues for the partial and total recovery alternatives are pre- 
sented in Tables 9-13 and 9-14, respectively. 


Since Alternative 5 (ferrous resale or total aggregate) may be 
operated to produce either all aggregate or aggregate and proc- 
essed ferrous for resale, two sets of operating costs and reve- 
nues are presented in Tables 9-12 and 9-14, respectively. These 
represent the different costs and revenues SBECL: ole with oper- 
ating Alternative 5 under each scenario. 


A selling price of $10 per ton was assumed for ferrous metals 
sold to a scrap dealer by a City-owned facility. This price was 
representative of those encountered in this study. It was as- 
sumed that the privately-owned facility would realize a 20 per- 
cent increased profit on ferrous sales, or $12 per ton. This 
assumes that a scrap dealer would operate the facility, elim- 
inating the existing middleman (i.e., the scrap dealer) ina 
City-owned facility. Conversely, revenues resulting from the 
replacement of aggregate material at the asphalt plant result in 
a savings of $10 per ton to the City. This corresponds to the 
current price paid by the City for aggregate materials. The 
privately-owned facility was assumed to realize a gross revenue 
of $7 per ton from supplying screened aggregate to the asphalt 
plant. This assumes that a $3 per ton incentive would be re- 
quired for the City to purchase this aggregate. 


- For the City-owned facility, additional benefit would be real- 

_ ized by diverting the residue from the Fresh Kills Landfill. 

The current disposal cost at Fresh Kills is $11.89 per ton, 
$5.30 of which is capital, $6.59 is operation and maintenance. 

' For the purposes of estimating landfill and barging cost 
savings, it was assumed that 50 percent of the operation and 
Maintenance cost could be saved under the partial recovery con- 
-cepts, while 80 percent savings could be realized with the total 
recovery concepts. No capital cost savings were assumed. Total 
revenues presented in Tables 9-13 and 9-14 have been calculated 
with and without the projected savings. 


Table 9-13 


Projected Revenues -- Partial Recovery Concepts 
Item 1 2 3 
Ferrous Aggregate Ferrous and 
Only Only Aggregate 
City-Operated Facility 
Ferrous metal (at $10/ton) 315,,000 -- $153,000 
Aggregate (at $10/ton) -- 389,000 389,000 
Total revenue $15/37,000 $389,000 $542,000 
Net revenuel (6,000) 90,000 212,000 
pavbece period (years) -- 99 is Pe 
Landfill recovery (at $3.30/ton) DOUROUG P2173 00 171,900 
Total revenue $203,600 $510 ,300 $713,900 - 
Net revenuel 44,600 Palas 1K 383,900 


Payback period (years) Orns 4.2 Zoo 


Privately-Operated Facility 


Ferrous metal (at $12/ton) $184,000 -- $184,000 
Aggregate (at §$7/ton) -- 272,000 272,000 
Botal (nevenue $184,000 $272,000 $456,000 

Net revenuel | 25,000 (27,000) 126,000 

Payback period (years) IR ys Fi -- 8.7 


lfotal revenue minus total annual cost (Table 9-11). 


Table 9-14 


Projected Revenues -- Total Recovery Concepts 


Item 


Ferrous Resale 
with Residue 


Aggregate 


City-Operated Facility 
Ferrous metal (at $10/ton) 


Aggregate (at $10/ton) 
Total revenue 
Net revenuel 
Payback period (years) 
Landfill recovery (at $3.30/ton) 
Total revenue 
Net revenuel 


Payback period (years) 


Privately-Operated Facility 
Ferrous metal (at $12/ton) ~ 


Aggregate (at $7/ton) 
Total revenue 
Net revenuel 


Payback period (years) 


4 


$153,000 
419,000 
$572,000 
188,000 
ge 

289, 000 
$861,000 
477,000 
Zoi 


$184, 000 
293,000 
$477,000 
93,000 
eh, 


Ferrous Resale or 


548,000 


$548,000 
72,000 


18.1 


289,000 


$837,000 
361,000 
3.6 


384,000 


$384,000 


(92,000) 


lpotal revenue minus total annual cost (Table 9-12). 
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Total Aggregate 
All Aggregate 


Ferrous 
Resale 


$153,000 
419,000 
$572,000 
172,000 
7.6 
289,000 
$861,000 
461,000 
2.8 


$184,000 
293,000 
$477,000 
77,000 
16.9 


9.4 AIR POLLUTION CONTROL EQUIPMENT 


As discussed in Section 8, operation of the incinerator complex 
at a design processing rate of 1,000 tpd will require the re- 
Placement of the air pollution control system presently in- 
stalled on furnace No. 1. Concept design and equipment costs 
for the installation of a new down-flow gas-conditioning tower 
and electrostatic precipitator are presented in Table 8-l. To- 
tal capital costs presented in Table 9-15 have been adjusted to 
include: 


1. Design engineering, and construction management. 
2. Contingency. 


The total cost for the installation of this equipment is 
$5,139,700, which does not include any bond issues or owner's 
costs. 


Tab1e)9 15% 


Total Capital Cost -- Air Pollution Control Equipment 
Item “Cost 
Installed equipment cost $3,724,400 
Design engineering, and construction 
Management at 20% 744,900 
Contingency at 15% 670,400 
Total Equipment Cost | $5,139,700 


SECTION 10 
ANALYSIS OF ALTERNATIVES AND RECOMMENDATIONS 


LO. bee INTRODUCTION 


The analysis of alternatives for energy and material recovery 
and air pollution control (presented in Section 9), along with 
recommended alternatives and recommendations for additional ac- 
tivities, are presented in this section. The various energy and 
material recovery alternatives presented were evaluated with re- 
spect to: 


1. Present-worth analysis. 
2. Implementation requirements. 
3. Environmental requirements. 


10.2 ENERGY RECOVERY 


10.2.1 Present-Worth Analysis 


A present-worth analysis was performed on the projected cash 
flow for each energy recovery alternative presented in Section 
9. Each alternative was evaluated by comparing the ratio of the 
present worth of the net revenue Surplus divided by the present 
worth of the total project cost (net surplus ratio). The total 
project costs were developed .by adding the amount of the total 
bond issue to the present worth.(1986) of the projected annual 
O& costs. The net Surplus was calculated by subtracting the to- 
tal project cost from the present worth of the total revenues. A 
summary of these data is presented in Table 10-1. 


Of the three alternatives examined, the electricity-only altern- 
ative generates the highest net Surplus ratio. The electricity- 
only alternative produces lower total revenues than any of the 
three alternatives, but also requires a lower initial invest- 
ment. The partial-steam loop cogeneration alternative generates 
the second most favorable ratio. The full steam loop cogenera- 
tion alternative produces the highest amount of total revenues, 
but is the least attractive alternative because of the large 
capital investment required. In addition, on a cash-flow basis 
(presented in Tables 9-6 through 9-10), the electricity-only al- 
ternative yields three years of negative cash flow, the partial 
steam loop cogeneration alternative yields four years of nega- 
tive cash flow, and full steam loop alternative yields 11 years 
of negative cash flow. 
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10.2.2 Implementation Requirements 


Implementation of either cogeneration alternative will require 
the construction of a steam distribution system in an area which 
is primarily residential. This construction will result in some 
traffic-only disruption in the area, and will have future main- 
tenance requirements. 


The operation of either cogeneration option will require negoti- 
ations between steam consumers and the plant to arrive at 
mutually-agreeable terms for energy rates. 


Implementation of the electricity-only option is simplified due 
to the fact that all construction associated with this alterna- 
tive is located on-site. Electricity generated in the plant 
will be sold directly to Consolidated Edison, therefore, the 
electricity-only alternative has the minimal implementation 
requirements. 


The modifications required for the existing installation are 
discussed in subsection 6.2 and are identical for all alterna- 
tives. 


10.2.3 Environmental and Licensing Requirements 


With the exception of those effects directly associated with 
construction of the steam distribution network, the environ- 
mental requirements for each energy alternative are identical 
and, for the most part, associated with the heat rejection 
system. The available alternatives include the use of cooling 
towers or once-through cooling. The selection of the heat 
rejection system will have an effect on the licensing time for 
the facility (see Figure 9-1). 


Preliminary discussions with the New York Department of Environ- 
mental Conservation and the New York City Department of Environ- 
mental Protection (see Appendix O) indicate that the participa- 
tion of PASNY and the City in the project triggers the state and 
municipal environmental review process. If both the state and 
City desire to examine the environmental impacts of the project, 
a lead agency will be be selected to coordinate a joint project 
review. To initiate the environmental review process, an Envi- 
ronmental Report (ER) summarizing the environmental impacts of 
the project must be submitted. After the environmental review 
process is completed, the required City and state permits can be 
issued. 


Lua 


The use of once-through cooling could result in a significant 
licensing effort. The once-through cooling system would require 
the construction of intake and discharge structures in navigable 
waters. In order to begin this construction, a permit would be 
required’°for the U.S. Army Corps of Engineers. Prior to issuing 
the permit, the Corps would be required to either make a finding 
of no significant impact, or to prepare and publish an Environ- 
mental Impact Statement. In either case, significant environ- 
mental information must be supplied as part of the permit appli- 
cation. 


The utilization of a once-through cooling system will also re- 
quire a waiver from the effluent standards as part-of a state 
pollutant discharge elimination system (SPDES) permit. This 
waiver is generally referred to as a "3l6a waiver." To obtain 
this waiver a significant amount of water quality sampling may 
be required. The Department of Environmental Conservation regu- 
lations require that any applicant must consult with the Depart- 
ment to determine what studies are necessary. These studies 
could consist of detailed sampling programs extending for as 
long as a full year, and the use of computer modeling to deter- 
mine the thermal discharge effects. There is also a possi- 
bility that upon reviewing the 316a waiver application and the 
results of the studies, the.agency could determine that once- 
through cooling was not acceptable and would require the use of 
cooling towers. In addition, Section 316b of the Clean Water 
Act requires that the location, design, and capacity of any 
intake structure reflect Best Available Technology for minimiz- 
ing adverse environmental effects. This regulation may also 
require baseline larval fish and aquatic organism Surveys to 
provide the required information. 


The licensing effort for once-through cooling could, under the 
most probable conditions, add approximately one year to the 
licensing schedule. This time could be shorter or longer, de- 
pending on specific questions or concerns raised by agencies or 
citizen environmental groups. 


With respect to the utilization of cooling towers, at this time 
it appears that a state pollutant discharge elimination system 
permit will not be required since the use of cooling towers al- 
lows the facility to discharge its wastewatér. to the sewer sys- 
tem. However, the City will review all discharges to the Sewers 
and can impose any pretreatment requirements necesSary to pro- 
tect its sewer system and treatment facilities. Based on the 
quantities to be discharged and the water treatment to be used 
it does not appear that blowdown will require pretreatment. (The 
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blowdown from the plant would average 0.24 x 10® gpd, or 0.1 
percent of the Owls Head wastewater treatment plant capacity of 
250 x 106 gpd.) 


Since the incinerator will shortly be authorized for 24 hrs/day, 
7 days/week operation, a Prevention of Significant Deterioration 
(PSD) permit will be required. It may be necessary, however, to 
have the City amend the operation permit issued for the inciner- 
ator in order to install the waste heat boilers. It is expected 
that the pretreatment review and operation permit amendments can 
be issued shortly after completion of the environmental review 
process. In summary, six months is anticipated as the time re- 
guired for licensing the project, based on using a cooling tower 
to dissipate the waste heat. 


The use of a cooling tower was selected as the recommended heat 
rejection alternative as a result of reduced licensing require- 
ments,. thereby reducing the overall cost of the project. A wet/ 
dry plume abatement cooling tower will eliminate any potential 
adverse impact for icing or fogging in the surrounding area. 


10.2.4 Recommended Alternative 


The electricity-only option was selected as the recommended al- 
ternative because it resulted in the highest net Surplus ratio, 
has the most favorable cash-flow projections, is the simplest to 
implement, and has the flexibility to incorporate steam or hot 
water distribution in the future. 


10.3 MATERIAL RECOVERY 


10.3.1 Present-Worth Analysis 


Total project costs for each materials recovery alternative 
(presented in Section 9) were calculated by adding the total 
capital cost to the present worth of the total annual costs over 
the 15-year life of the recovery facility. Total revenues for 
each option were calculated both with and without the savings 
attributed to landfill recovery.1 For the purposes of this 
evaluation, only the revenues associated with a City-owned fa- 
cility are presented. 


lnandfill recovery includes a cost savings associated with a 
reduction in City operating costs for transporting and dispos- 
ing of the incinerator ash. 


BOs) 


For the analyses which include landfill recovery, the total re- 
covery option which reclaims ferrous and aggregate provides the 
highest net surplus ratio. Analyses performed without landfill 
recovery revenues indicated that the partial recovery option 
which reclaims ferrous and aggregate provides the highest net 
surplus ratio. A summary of the present worth analysis is pre- 
sented in Table 10-2. 


10.3.2 Implementation Requirements 


The implementation of each of the partial recovery alternatives 
utilizes the applied technology of ferrous metal separation and 
the successful small-scale testing of incinerator residue as 
aggregate extender in bituminous mixtures. Each of the total 
recovery alternatives requires the installation of mechanical 
shredders. These shredders are high maintenance items and are 
not usually associated with incinerator residue operations. 
Data presented by the Bureau of Mines have indicated successful 
operation of mechanical hammermill shredders to reduce the size 
of incinerator residue. 


Both recovery alternatives (total and partial) will require the 
establishment of mutually-acceptable rate structures for the 
sale of ferrous scrap and aggregate. Each option which includes 
aggregate recovery will require laboratory characterizations and 
residue mix analyses. A test program involving the installation 
of street pavement, as outlined in Appendix G, may also be re- 
quired to evaluate the resulting experimental asphalt mixtures. 


10.3.3 Environmental Requirements 


The major environmental concerns associated with the disposal of 
incinerator residue (i.e., leaching of potentially hazardous ma- 
terials into ground or surface waters) are reduced or eliminated 
by the implementation of material recovery. The utilization of 
incinerator residue as an aggregate material in bituminous mix- 
tures is more desirable than landfill disposal, and is a 
technology currently under consideration as a means of hazardous 
waste treatment. Encapsulating the residue in asphalt reduces 
the leachability of the material. 


The total recovery options have the environmental benefit of 
eliminating landfill disposal and barging requirements under 
normal operations. Each of the partial recovery options provides 
Similar benefits, to a lesser degree, by the reduction of land- 
fill disposal requirements. 
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Potential environmental impacts may result from dust generated 

by aggregate recovery options. This problem can be mitigated, 

in most cases, by separating precipitator fly ash from inciner- 
ator residue prior to material recovery operations. 


10.3.4 Recommended Alternative 


The partial recovery option for ferrous and aggregate recovery 
has been selected as the recommended alternative for several 
reasons. This option provides the highest net surplus ratio 

for cost analyses which exclude landfill recovery revenues. 

When landfill recovery is considered, this option still provides 
the second highest surplus ratios. From an implementation per- 
spective, this option requires the least equipment and elimi- 
nates the need for a high maintenance Shredder. In addition, 
this alternative can be expanded to incorporate total recovery 
if the partial concept proves to be highly successful. 


10.4 AIR POLLUTION CONTROL 


The operation of the incinerator complex at the design rate of 
1,000 tpd will require the installation of air pollution control 
equipment on furnace No. 1l, as proposed in Section 8. 


10.5 RECOMMENDATIONS FOR ADDITIONAL STUDIES 


Prior to startup of the final engineering design phase (see Fig- 
ure 9-1), it is recommended that more detailed investigations be 
undertaken which would include the following: 


1. Review the various boiler configurations offered 
by equipment vendors, their materials of construc- 
tion, maintenance requirements, and susceptibility 
to corrosion, and projected performance changes 
under dirty gas applications to assess in detail 
the advantages and disadvantages of proposed 
systems (See subsection 6.3) 


2. Evaluate, based on vendor drawings, the optimum 
locations for the boilers and turbine-generator, 
providing an assessment of the structural require- 
ments of the various alternatives under considera- 
tion (see subsection 6.5.9). 


3. Evaluate in greater depth the potential heat 


sources for underfire air preheating (e.g., ex- 
traction steam, wall cooling air, etc.). 
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4. Determine the definitive requirements (See Table 
6-1) and costs for upgrading and operating the ex- 


isting incinerator facility to generate steam and 
electricity. 


These tasks are intended to confirm and optimize the design cri- 
teria and cost data presented in this report, and to provide ad- 
ditional data that will aid in determining the total capital and 
operating costs of the entire integrated facility. These addi- 

tional studies would not alter the conclusions presented in this 


report, but would provide a more accurate assessment of total 
costs. 


With respect to steam or hot water district heating, the follow-, 
ing recommendations are made: 


1. Further investigation be undertaken to assess the 
benefits of hot water relative to steam for use as 
-a district heating medium. 


2. Additional analyses be conducted to assess the 
feasibility of providing heat for several new 
buildings, i.e., a new 162-unit condominium cur- 
rently under construction 2 blocks south of the 
site, a local sanitation maintenance garage (pres- 
ently under design), and a new car dealership re- 
cently constructed. 


These recommendations are intended to reassess the increased po- 
tential for district heating in the vicinity: of*the facility. 


With respect to material recovery, the following recommendations 
are made: 


1. The Office of Resource Recovery in conjunction 
with the Department of Transportion, should proceed 
with a sampling and laboratory program to charac- 
terize the incinerator residue for use as asphalt 
aggregate, and upon completion proceed with a field 
test program to examine its viability on New York 
City streets. 


2. The Office of Resource Recovery should solicit fur- 
ther input from the Institute of Scrap Iron and 
Steel with respect to their interest in purchasing 
residue metals separated magnetically (see Section 
ives 


Ue 


These additional studies are intended to confirm the technical 
and economic feasibility of the material recovery recommenda- 
tions presented in this report. 
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REFUSE QUANTITIES 
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APPENDIX B 


FIELD TESTING PROGRAM 
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TABLE A-l1 MONTHLY SUMMARY OF REFUSE DELIVERED 


AVERAGE ‘ 

MONTH TOTAL REFUSE (TONS/DAY) 
Nov 79 817.2 
Dec 872.6 
Jan 80 OS /ieZ 
Feb a3 Oley 
Mar io Gye L 
Apr | 3617. 9 
May 860.4 
Jun 843.6 
Jul | 829.9 
Aug 785.4 
Sep Hi69re> 
Oct . 688.1 

YEARLY AVERAGE 817.6 Tons/day 


Note: 


Refuse quantities required to achieve 1,000 tpd have been con- 
firmed by the City of New York Department of Sanitation. 


PERCENT OF DAYS LESS THAN 


FIGURE A-l FREQUENCY DISTRIBUTION OF TOTAL REFUSE DELIVERED 
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APPENDIX B 


FIELD TESTING PROGRAM 


To assist in defining the actual heat value at the Southwest Brooklyn 
Incinerator, a sampling program was undertaken during the week of 

16-21 March 1981. The primary goal of the field program was to establish 
the total heat value of the flue gases leaving the secondary chamber at 
the design throughput rate of 250 tpd. 


Implementation of the field program was accomplished by monitoring refuse 
throughput, air temperatures, and flow rates; and conducting ORSAT analyses 
at selected locations. Individual tasks included: 


1. Calibration of refuse throughput rate with 
' grate speed, 


2. Measurement of forced-air flow rates from 
three forced-air fans. 


3. Measurement of air temperatures in secondary 
chamber , 


4. ORSAT analysis of secondary chamber gases and 
stack gases. 


5. Measurement of total stack gas flow rates. 


6. Measurement of temperature drop across gas- 
conditioning tower at measured flow rates. 


7. Measurement of pressure drop across air 
pollution control train. 


Figure B-4 is a schematic representation of the incinerator gas flow 
path, and depicts the sampling stations and test descriptions. 


TASK 1: CALIBRATION OF REFUSE THROUGHPUT RATE WITH GRATE SPEED 


Procedure: For each day of operation, charging: floor personnel were in- 
instructed to record the toal number of buckets charged to the 
furnace (No. 2). Data sheets were provided for bucket counts 
and to record time of day. Over the course of the program, 
twelve buckets were weighed using a dump truck and the truck 
scale. Upper grate speeds were set once per day and remained 
unchanged for the remainder of that day. 


Results: Data plotted in Figure B-1 show an excellent correlation between 
refuse throughput and grate speed. Refuse throughput was determined 
using the actual bucket counts taken and the average bucket weight 
measured at 1.15 tons. These data are reported in Table B-l. 


TASK 2: MEASUREMENT OF FORCED-AIR FLOWS 


Procedure: Measurements were taken in the underfire, overfire, and wal] 
cooling air ducts in conformance with EPA Method 1. Test parts 
were drilled into the ductwork at locations conforming to 
Method 1 wherever possible. Two velocity profiles were taken 
at each location to verify flow conditions for each day. Fan 
settings were adjusted once per day and remained unchanged for 
the remainder of that day. Notations of damper settings were 
made so as to develop flow calibration curves for both the over- 
fire and underfire fans. 


Results: Measurements taken for each day were averaged and reported in 
Table B-1. Stoichiometric air requirements were calculated using 
3.43' 1b air/lb refuse, Calibration curves for the overfire and 
underfire air fans are presented in Figure B-2. 


TASK 3: MEASUREMENTS OF AIR TEMPERATURES IN SECONDARY CHAMBER 


Procedure: Temperature measurements were taken at the viewing port in the 
secondary chamber using a 10-foot thermocouple with digital 
readout. A traverse of 8 readings at one foot intervals was 
taken once per day concurrently with total stack gas flow rate 
measurements, 


Results: Average secondary chamber temperatures are reported in Table B-l. 
Furnace temperatures reported in Table B-] were averaged from 
hourly data collected by NYC personnel. 


TASK 4: CALCULATION OF SECONDARY CHAMBER FLOW RATES 

Purpose: ORSAT analyses, which provide a breakdown of gas composition, 
were used to collaborate total forced air measurements taken 
in the fan ductwork. 


“Procedure: ORSAT analyses were taken simultaneously at the stack test 
ports and the secondary chamber. Measured CO, concentrations 
were used in conjunction with measured stack gas flowrates to 
back-calculate air flows at the secondary chamber by mass 
balance. These calculations were based on the assumption that 
the combustion of the flue gases was essentially complete by 
the rear of the secondary chamber. 


Results: Calculated secondary air flows for each day are reported in 
Table B-1, and show reasonably good correlation with measured 
forced air flows. The analysis indicated a substantial amount 
of infiltration occurs between the secondary chamber and the 
stack. 


TASK 5: MEASUREMENT OF TOTAL STACK GAS FLOW RATES 


Procedure: Velocity profiles were taken at the existing stack sampling 
ports using pilot tubes. Measurements were taken to correspond 
with EPA Method 1 as closely as possible. Lack of sufficient 
clearance prevented the entire traverse to be taken at one of 
the two sampling ports. Flow rates were adjusted for temp- 
erature and moisture content as per EPA Method 1. 


Results: Total stack flows measured for each day have been reported in 
Table B-1l, 


TASK 6: MEASUREMENT OF TEMPERATURE DROP ACROSS GAS-CONDITIONING TOWER 


Purpose; To ascertain the total temperature drop to be encountered across 
the tower with the water sprays disabled. 


Procedure: With the furnace in operation, the induced-draft fan was acti- 
vated at a speed of 180 rpm and the inlet damper was opened 6!'. 
Care was taken not to thermally-shock the refractory-lined GCT 
or allow the inlet temperature to the precipitator to exceed 
550°F, Fan speed was slowly increased and the damper was opened 
to allow the gas temperature to rise. After allowing the temp- 
eratures to stabilize for three hours, temperature and flow 
readings were taken. 


Results: Stabilized temperature measurements, shown in Figure B-3, indicated 
a loss of 215°F across.the. GCT at.a gas flow rate of 17,900 scfm. 


These data are extrapolated to actual conditions in Appendix C. 
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TASK 7: MEASUREMENT OF PRESSURE DROP ACROSS APC TRAIN 


Purpose: To determine adequacy of existing induced-draft fan and drive. 


Procedure: After allowing the furnace to cool below 200°F, the stack damper 
was closed, the APC damper was opened, and the induced-draft fan 
was brought up to 690 rpm. Pressure readings were taken in the 
furnace, secondary chamber, GCT uptake flue, precipitator inlet, 
and fan inlet. Total flow was measured using EPA Method | in 
the GCT uptake flue. 


Results: Pressure readings taken are presented in Table B-2 and indicate a 
total pressure drop of 3.6 in H,0 across the entire system. Pressure 
drop across the APC train was measured at 2.5 in H,0 at a gas flow 
rate of 98,100 scfm. ; 
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APPENDIX C 


HEAT LOSS CALCULATIONS 
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APPENDIX D 


WET REFUSE CALCULATIONS AND 
TELEPHONE SURVEYS 


Zs gvaqta 


rThty - wiLTA ty +e. 7 TSS ?5W 
ay 4 vs 3 ‘aes Of c | at 


M4 


AwT unk siiaee ee ele 


WEGTODN 


Wap NYCOOSSE LCE 

CG: W. Chesner/E. Smith/A. Thau/K. Danz 
FROM: M. Barbara 

DATE: 21 April 1981 


SUBJECT: BETTS AVENUE WASTE HEAT DATA 


Data was collected from Betts Avenue records for the period between 
November 1976 - December 1979. This period of record was chosen for two 
reasons: 


(1) Prior to the heating season of 1977, the waste heat boilers 
were operated rather indiscriminately, that is, with little 
regard for oil consumption. 


(2) Data for 1980 was considered to be not applicable to the 
purpose of this study due to the lack of rainfall. 


Amounts of steam generated, oi] consumed and refuse burned were extracted 
from daily logbooks at Betts Ayenue. Average ambient temperatures and 
rainfall statistics were compiled from NOAA monthly summaries for their 
weather station located at LaGuardia Airport (approximately 5 miles NNE 

of the incinerator). - Data was tabulated on a daily basis for computational 
purposes. 


As per normal operating conditions, excess steam produced in the waste heat 
boilers is condensed; however, no set pattern exists for the amount of 

excess steam produced. In order to remove some of this inherent variance 

in the data, a linear correlation was developed between the total amount of 
steam produced and the average daily ambient temperature over the period 

of record (Figure 1). Using this correlation, a theoretical steam production 
was calculated and utilized-in subsequent calculations. Basically, the 
amount of oi1 consumed was converted into heating value (using 141,000 BTU/Gal 
@ 754 efficiency) and subtracted from the total steam production. The 
remainder, assumed to be the heat contributed by the burning refuse, was 
adjusted by the total refuse throughput to obtain the heating value of the 
refuse which was actually utilized. As a control, these data were also 
generated using actual daily steam production figures. 


WESTON 


BETTS AVENUE WASTE HEAT DATA 


Average heat transferred was computed for dry days as well as against class 
intervals of rainfall events. Since operational experience indicates that 
morning rainfall is particularly significant, these occurrences were also 
analyzed separately. 


From the initial analysis of the data, it was found that no significant 
correlations could be generated using the unsmoothed data and it was 
decided to proceed using the projected steam production correlation. A 
plot of percent BTU lost (as compared to dry refuse) versus rainfall is 
shown in Figure 2, attached. Note that the correlation coefficient for 
morning rainfall (0.71) events is slightly greater than the correlation 
obtained from the entire population (0.59). 


In an attempt to further characterize the performance of the waste heat 
system, storm events of less than 1.0 inches were analyzed and plotted 
separately from events greater than 1.0 inches. The rationale behind this 
is that storms greater than 1.0 inches were usually of long duration and 
would not effect the refuse as significantly as a short, intense rain 
event. The result of this analysis is shown in Figure 3. Note the 
significant increase in all correlation coefficients, all indicating 
excellent fits. 
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BLACK & ’ 


VEATCH | | 
CONSULTING ; F | 
ENGINEERE 

TELEPHONE MEMORANDUM [ 
(TO) (BROMie. noua t tz eeraldry Flant .Cbi¢ te Ups roe eer ee ee time _ 22:30 am XK) 
COMPANY oeueechLcagonN Woe Incineratoriey) oats eles mets ilar es nner Cees 

) 

RECORDED BY vier stewart ie eae _ NO ee 
PROJECT R. F. Weston — Feasibility Study NO. 9453 r 
suBsecT _____Burning Wet Refuse 0s FILE NO. 


I asked B. F. about burning of wet refuse. He said that the normal procedure after 
they get a 2-3 inch rain or a lot of snow is to stack the wet garbage to one side. 
After two or three days, the garbage compresses, most af the water drains out, and } 
water is pumped out of the bottom of the pit. Apparently the garbage is then 


_pretty dry and they go ahead and burn it without too much effect. 


When they do burn wet refuse, the steam rate drops from 110,000 to about 60,000 sue 
Procedure is to slow down rate of throughput to hold gas temperature. 


One furnace had a drying grate installed with a steam preheater to increase air 

temperature by 100 F. B. F. said that it didn't work and have quit using it as 

the wet refuse - clogged up the grate/balled up on the grate. He said that, e.g., 

on a 40 F day, 140 F air wasn't drying out any garbage. (5-15 psi steam in preheater} 
I 


He said that rain wasn't big problem now that Chicago was putting covered 55 gal. 
zrums in collection sites; rather snow was the main source of wet garbage. fj 
“ 
. * | 
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BLACK & 
VEATCH 


CONSULTING 
ENGINEERS 


TELEPHONE MEMORANDUM 


DATE 
ee ye, 0 eee em 
COMPANY Harrisburg Incinerator, Harrisburm, PA con Rea 


Reeono ce RY Bill Stewart MCK 


R. F. Weston-Feasibility Study 


PROJECT NO. 


Plant Operation 


SUBJECT FILE NO. 


Availability: Overall about 80%. Operate 24 hrs/day, 365 days/yr. 
Furnace Temperature: 1200-1400°F. 

Steam Temperature: S500F. 
Steam Press: 285 psig. 

Waste: MSW + some commercial. 
ESP Inlet Temperature: 450-475F. 

% Excess Air: Unknown (14" AP on underfire air). 
Waste Moisture Content: About 35% 


Waste Heating Value: 3500-4000Btu, sometimes too dry and have to water down, as’ 
ee Low.as (2500, . 


Sell Steam: Yes, to city for district heating. 
epee 2600. et 
#blrs: 2, both operating. 


Scheduled Maintenance: 45 days/yr/blr — Summer months 


May 29, 1981 


Problems: No particular problems. Have Martin grate, stoker/boiler system which | 


he claims is better than others he has had experience with. 


dlw 


BLACK & 
VEATCH 


CONSULTING 
ENGINEERS 


TELEPHONE MEMORANDUM 


DATE —._June 1, 198] _ 


(To) (FROM) ___BOb Fitzgerald (312)626-6750 0 time 2200 XK PM 
company ____hicage N.W. Incinerator | ce, KET i 
RECORDED BY mDLL GCeWart. .. wy: © 1 Laan nemnnnc. oes ane : 
PROJECT R. F. Weston-Feasibility Study NO 

SUBJECT escent Operation ee eee rice NO. 


Availability: Worst outage was 48 hours in 5 years, 3 out of 4 boilers operate 
' 24 hrs/day, 365 days/yr. i 


Furnace Temperature: 1600°F 
Steam Temperature: 420°F 

Steam Press: 275 psig 

ESP Inlet Temperature: 700-800°F 


ESP Outlet Temperature: 400-500°F 


Preheater: UFA type on 1 boiler only, will be removed shortly due to problems 
of it plugging up (air type preheater). 


Waste Moisture Content: 30% . } 
Waste Heating Value: 4000 Btu 

Sell Steam: Yes to Brach's candy 

Steam Production: 110 ,000 1b/hr/boiler. 


Net Refuse: Biggest problem is after large snowfalls (5"-6"-7"), snow melts in 


boiler, This requires the boiler to be slowed down, longer retention 
time. 


Problems: 1. Cranes and conveyors, ash and dust in the air cause problems here, 
2. Collectors sometimes pick up large steel objects (e.g., engine 
blocks), the operators do their best to randomly sort loads, 
e. Collectors scoop up large amounts of snow and this is mixed with 
refuse. Te 
dl1w 
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BLACK & 


VEATCH 
CONSULTING 
ENCINEERS 
- TELEPHONE MEMORANDUM 
DATE 
(ro) Haw __Dan Madigan (617)233-7600 te 
COMPANY Saugus, Mass., Incinerator-Wheelabrator Frye cc: 
ReEcorvep sy _Bill Stewart 
PROJECT R. F. Weston-Feasibility Study Ni 
SUBJECT Plant Operation FILE NO. 


Availability: 92%. 


Furnace Temperature: 3100°F at grate, 1600°F top. 


Steam Temperature: 850°F, 


Steam Press: 650 psig. 


ESP Inlet Temperature: 435°R, 


Preheating Air: No. 


Moisture Content of Refuse: 25%, 


Heating Value: 4500 Btu. 


Wet Refuse: 


9:00 


KET 


MCK 


June 2, 1981 


AM RAY 


No problem - very large furnace, with a preheating area for refuse. 


Residence Time: 55-65 min. 


Sell Steam: Yes. 


Steam Production: 370,000 pph. 


#Blrs. Operating: 2 - 185,000 pph. Each. 


Problems: 


diw 


The only problems they have is when they attempt to burn large tree 
trunks. id e 


BLACK & 


VEATCH 
CONSULTING 
ENGINEZRS 
a TELEPHONE MEMORANDUM ’ 
pate _June 25, 1981 

(To) (FRom) __Dick Seelinger (312)391-2000 0 tyme 29200 ay BY 
COMPANY UOP : cc: KET : 
REGORDED— BY stents RO QE Zs ih ee le eR _MJE 
Sheree Wes ton/PASNY aye 9453 WES 

i EOS 
SUBJECT Air Preheat FILE NO. 


1. UOP includes air preheat on all their jobs. There are 2 reasons: : 


e Drying wet refuse is the primary purpose. 
e When dry refuse is burned an estimated 4 per cent increase 
in steam flow can be achieved. 


2. The statements from the Chicago plant are true but are not due to preheat 
problems. Chicago designed and installed their own preheater using 
finned tubes (12 fins per inch). Underfire air is drawn from the 
pit and pulls dust and small scraps into the heater. The heater clogs 
and the trash balls up on the grate due to poor air distribution. UOP 
uses 4 fins per inch and spaces the tubes so that they can be water 
cleaned easily. Dick felt that cleaning would not be necessary more 
than once a year. 


3. The Harrisburg incinerator does not need preheat. They burn mostly dry 


industrial refuse. Dick estimated that the moisture content at 
Harrisburg is on the order of 20 per cent not 35 per cent. 


4. Both the Chicago and Harrisburg units were designed with Martin stokers,. 


5. UOP preheats the air to 250 F. UOP uses 85 per cent excess air as the design 
on their units. 


APPENDIX E 


SYSTEM AVAILABILITY CALCULATIONS 


APPENDIX E 
SYSTEM AVAILABILITY CALCULATIONS 


The availability, or the probability that the system will be op- 
erational at a future instant in time, can be calculated using 
the following equation (referring to Figure 4-2): 


Where: 
mens ie Gy ees ae eB par 
Bie (n-r). rx! (A; Ay ) (A,) (I Ay aed Aap) (I Aaw) (A_) (AQ,) 


n = Number of furnaces and waste heat boilers. 
yr = Number of furnaces and waste heat boilers available. 


Aj = Probability that an individual furnace and waste 
heat boiler is not available. 


A; = Probability that an individual furnace and waste 
heat boiler is not available. 


Repeeeropability, that the turbine is available. 


Ap = Probability that an individual feed pump is not 
available. 


Acp = Probability that an individual condensate pump is 
not available. 


Acw = Probability that an individual circulating water 
pump is not available. 


Ac = Probability that the condenser is available. 


Act = Probability that the cooling tower is available. 


» 


These probabilities are summarized in Table E-l. The availabili- 
ty calculation assumes that the average annual availability of 
the furnace follows a bionomial distribution where the probabil- 
ity that the furnace is up (Aj) is 0.75, ‘and the probability 
thateitwisedown eis (Aj) 1s Osco. . 


The probability of zero energy output is the sum of the unavail- 
able probabilities of each component of Figure 4-2 (i.e., proba- 
bility that zero furnaces are available + probability that the 
turbine is unavailable + etc.). 
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APPENDIX F 


CASH FLOW ANALYSIS OIL REPLACEMENT 
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10n 


ty Generat 


(Oil Replacement in 1981 $) 


ici 


Electr 


Cash Flow Forecast 


Difference 


In 
Revenues 


Minus 


Elec- Total 
Annual 
Revenues 


Elec- 


Total 


Cost 
$1,000 


$1,000 


Steam 
Revenues 
$1,000 


ty 


Revenue 
$1,000 


Weak 


tr 


LCity 


jah 
Rate 
$/kwh 


Annual 
Costs 
$1,000 


O&M 
Costs 
$1,000 


Debt 
Payments 
$1,000 


Year 
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APPENDIX G 


RESIDUE TESTING PROGRAM 
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APPENDIX G 


TECHNICAL PROPOSAL FOR TESTING PROGRAM 


The technical proposal is divided into two sections: 


TECHNICAL OVERVIEW 


1. 
Lie > CHEDULE 


TECHNICAL OVERVIEW 


The laboratory test program involves three basic tasks: 


1. Sampling of Residue 
2. Restdue Characterization 
3. Asphalt Mix Design 


Task 1: Sampling of Residue 


An initial visit to the plant site will. be required to develop an agreed 
upon technique for obtaining residue samples. Residue samples from the plant 
in question will be collected over a one-month time period to establish the 
range of physical and chemical characteristics of the residue in relation to 
Variable operating conditions at the plant. It is proposed that two daily 
grab samples be obtained for a total of ten days over the sampling period. 
Each sample will be taken during a time period when the plant is operating 
in a consistent manner, typical of the day's operation. A minimum sample 
sufficient to fill a 5-gallon container is recommended. During this 
time, samples will be deliberately taken on one or two rainy days in order 
to determine what, if any, change in residue quality can be detected during 
rainy periods. It is, therefore, expected that approximately twenty residue 


samples will be collected and included in the characterization testing 
program. 


Task 2- Residue Characterization 


Once the samples have been obtained, each will be characterized in order to 
determine the following properties: 


Particle Size Distribution 
- Unit Weight 

- Moisture Content 

- Loss On Ignition 

Presence Of Organics 


G-l 


In additica, each sample will be visually separated and classified into five 
basic categories: glass, ferrous metal, non-ferrous metal, minerals and ash, 

and combustible and organics. Figure 1 shows a sequence recomended for 
characterization testing of each residue sample. The results of the char- 

acterization tests for various samples will be compared with each other to 

‘determine average and range of properties and to establish a relationship 
between sample properties and plant operating conditions. 


Task 3: Asphalt Mix Desian 


Prior to developing an asphalt mix design using incinerator residue, it will 
first be necessary to obtain and review pertinent D.0.T. paving specifica- 
tions and to meet with appropriate D.0.T. officials and decide the type of 
paving mix and aggregate to be considered for use with incinerator residue. 


Following characterization, asphalt mix design tests will be performed in the 
laboratory using the Marshall mix design method (ASTM D1559) for wearing 
course test specimens. A mix design will be developed that will] satisfy the 
Marshall stability, flow and air voids criteria. The retained strength of 
the design mix will be evaluated by means of the immersion-compression test 
(ASTM D1075). This proposal is based on performing tests with a progressive 
increase in the percentage of incinerator residue constituting the total 
aggregate in a given asphalt mix. A total of eight different levels of 
residue addition, ranging from 10 to 80 percent by total weight of aggregate 
in the mix, will be analyzed. In addition, two other asphalt mix design 
tests will be performed using residue that has been processed to remove 
ferrous metal. The ferrous free residue will be evaluated at the optimum 
residue percentages determined from the Marshall tests. 


A summary report will be prepared including not only the test results, but 
also providing conclusions resulting from an analysis of these results. 


SCHEDULE 


It is anticipated that the characterization program can be completed in two 
months, itncluding a one-month sampling period. An additional six weeks 
will be required for the asphalt testing, with two weeks further for 
preparation of a written report. Therefore, a total elapsed time of four 
months will be needed in order to fully complete the test program. 
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APPENDIX H 


ECONOMIC CRITERIA 


i SLOWS TA 


ALL ALIRD DIA REKOSS 


POWER AUTHORITY OF THE STATE OF NEW YORK 


10 COLUMBUS CIRCLE 


TRUSTEES 


JOHN S. DYSON 
CHAIRMAN 


GEORGE L. INGALLS 
VICE CHAIRMAN 


RICHARD M. FLYNN 
ROBERT !. MILLONZI 


FREDERICK R. CLARK 


(212) 397-6200 


New York, N. Y. 10019 


1982 


GEORGE T. BERRY 
PRESIDENT & CHIEF 
OPERATING OFFICER 


JOHN W. BOSTON 
EXECUTIVE VICE 
PRESIDENT—PROCEDURES 
& PERFORMANCE 


JOSEPH R. SCHMIEDER 
EXECUTIVE VICE 
PRESIDENT & CHIEF 
ENGINEER 


LEROY W. SINCLAIR 
SENIOR VICE PRESIDENT 
& CHIEF FINANCIAL 


OFFICER 
THOMAS R. FREY 


SENIOR VICE PRESIDENT 
& GENERAL COUNSEL 


Mr. Michael Barbara 

Environmental Resources Management 
(ERM-Northeast) 

80 Sunnyside Boulevard 

Suite 305 

Plainview NY 11803 


Subject: Feasibility Study for Resource Recovery 
at Southwest Brooklyn Incinerator 


Updated Criteria for Economic Evaluation 


Dear Mike; 


As discussed at our meeting of June 30, 1982, we have updated the criteria 
for the subject feasibility study. The following parameters replace the 
data in our letters of July 6, 1981 and August 31, 1981, and should be 
used in the study: 


Ls Economic Criteria 


a. Start of construction of the once-through cooling alternative* 
is December_1984 and of the cooling tower alternatives is 
June 1984, ‘1) The length of the construction Petia Esepartsor 
the study and should be estimated by the A-E. 2) The plant life 
is expected to be 25 years. The waste heat boilers will be 
replaced to a large extent (about 80%) after 12% years of 
operation. (This was estimated by the A-E and is based on infor- 
mation gathered in field visits.) 


b. The revamping of the facility will be financed with bonds to 
be issued for 28 years at 10% interest. (This assumes a 26 
month construction and start-up period, as estimated by the 
A-E). 


Debt service coverage, 15%. 


Bond reserve requirement will be 10% of total bond issue to be 
reinvested at 11.5% annually. 


Bond financing cost will be 2% of total bond issue. 


* No cash flow forecasts will be developed for the once-through cooling 
alternative. H-l 


Load 


Start-up costs, equal to half-a-year O&M, will be included 
in the capital cost. 


Revenues during half-a-year of start-up and commissioning 

of the plant will be used to offset total costs in the initial 
contract years in our amount to be determined by the Authority 
(AR Fund). +> 


Escalation rate of 10% for equipment and site materials and of 
8% for O&M. 


Oil cost; * 


Cost 
Year $/10°BTU Esc. 
1982 SegAe ue 117% 
1985 8.00 9.5% 
1990 12.57 9.0% 
1995 19.36 8.7% 
2000 29.40 - 


Interest during construction (IDC): 10% 
Present worth discount rate: 10% 


Operation and Improvement reserve: Not to be included in 
cash flow analysis. 


Indirect Costs: 


- Design, engineering and construction management - 
15% on total direct 


- Owner's costs will not be included in the cash 
flow analyses 


Contingency equal to 15% on total direct and indirects 
Project's year of first principal payment: 9 


- You can use for the economic calculations the 
computer program for T159, which we gave you. 


Model 


Each incinerator is ejected to be available 75% of the year 
(based on previous Department of Sanitation experience). 


Projected operation: 7 days per week, 24 hours per day. 


*Based on February 1982 ICF Report for NY Power Pool 


H-2 


Cc. 


Years 


1986 
1987 
1988 
1989 
1990 
1991 


Expected electricity rates:** 


Mills/Kwh Year Mills/Kwh Year Mills/Kwh Year Mills/Kwh 


77.00 Nie bY Ps 130-26 1998 20s eo. 2004 432.30 
81.64 LoS a ES ivy a) ain he fe 299703 2005 471.27 
ley eI 1994 LG2es5 2000 327.82 2006 5bOL. Lo 
104.82 1995 180513 2001 354.06 2007 533.40 
tLZ« 00 1996 dips eek 9 2002 383.43 2008 568.07 
L235 03 ss et 250.97 2003 394.48 2009 604.99 

2010 644.31 


** Based on June 1982 NYPP statewide avoided costs for currently Ste ICF 
fuel price increase. 


NOTES: 


The avoided cost is the cost of fuel and incremental maintenance 
of existing thermal plants in New York State which would not be 
incurred if the Arthur Kill Plant is built, but would be incurred 
Teer Senocs DULL. 


The projected statewide avoided costs were calculated assuming 
a NYPP expansion plan that only included units currently under 
construction and excluded all unlicensed pumped hydro, small 
hydro and resource recovery units, Arthur Kill and all other 
planned coal units, coal conversions and coal units required to 
maintain the minimum 22% reserve are assumed to be 12.3 billion 
kwhrs/year between 1988 and 1996, and 6 billion kwhrs/year 
thereafter. Ontario Hydro imports and sales to other regions 
such as New England and PJM were assumed to be zero. 


Expected steam rates: 


. To be calculated by including replacement of fuel oil at 


85% combustion efficiency and maintenance costs for the steam 
loops. Expected maintenance costs for the steam distribution 
portion of the project (in 1981 $) are: 


- Full steam loop - 0.86 $/10° Btu 
- Partial steam loop - 0.41 $/10 Btu 


Makeup water cost: $1.5 per 1000 gallons in 1980 to be escalated 
at 8%. 


The study is to include cash flow forecasts for the project 
alternatives. Each cash flow forecast shall comprise the 
following columns: Debt Payments, O&M Costs, Total Annual 
Costs, Electricity Rates, Electricity Revenues, Steam Revenues, 
Total Annual Revenues, Difference of Revenues - Costs. 


1. The start of construction date is predicated on the 
following target dates of the projects: 


- Completion date of the study: End of July, 1982 

- Contract negotiations with City completed by end 
of December, 1982. 

- Detailed design and equipment specifications: l 
year 

- Bid preparation and procurement: 1 year 


H=3 


2. In accordance with the minutes of the November 5, 1980 
meeting, Black & Veatch and the City will evaluate any 
potential modification to permit requirements with 
appropriate regulatory agencies (see point 4 of the 
minutes). The cost and length to be added to the data 
specified in 1. (a) and 1. (h). 


If you have any questions or problems, please do not hesitate to call me. 


This letter shall be included, for reference, in the final report of the 
projects. 


Sincerely, 
Albert Thau 
R&D Engineer 
AT/vl£ 
CCitmG aml smo wd. Linary 
R. Heyrman 
aS sti Bie 
D. Kau 
H. Szarpanski - NYC Department of Sanitation 
W. Chesner - Engineering Consultants and Ass. 
E. O. Smith - Black & Veatch 
K. Trout - Black & Veatch 
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ESTIMATED O&M COST FOR 1,000 tpd WASTE-TO-ENERGY PLANT 
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APPENDIX J 


ed eet O&M COST FOR 1,000 tpd WASTE-TO-ENERGY PLANT 
(Third quarter 1981 $) 


Cost Element | Annual Cost 
Payroll (45 x $30,000) $2 73507000 
Utilities 50,000 
Maintenance | 

Material/supplies 
Chemicals 

Contract labor | 1,100,000 

Insurance | 200,000 
Subtotal $2,700,000 

G&A eepenses (53%) 39,000 
Subtotal. $2,835,000 

Contingency fund (20%) 565,000 
Total $3,400,000 


($12.41/ton) 1 


lgased on 274,000 tons/yr throughput (see Appendix E, Table 
E-2). 


ANTS Oe itr Gling <2 
| 2147-01-01 


. Southwest. Brooklyn ‘Incinerator reasibility Study 
, Performance/Cost_ Estimate from Si, Brokema, _DELTAK 


Re-design of waste heat. boilers, to mccomoda te recirulation of exit 
qasrtomattCemparate inlet tempera numesslomuZ00r : 


Inlet temp: »,b200F 
Outiet temp: 4508 
Gas flow: S42 Uw SoC EM 


Boiler will generate 45,645 pph of steam @ 650psig, 700F, with a 
feedwater temperature of 280F. 


Boiler tubes will be fabricated of carbon steel, asmwiaiewe Ssuper- 
heater and economizer sections. An optional Al coating on the 


superheater tubes 1S availahle for $250,000 for all S8fouresu) eee 


Approximate boiler tube life is in the area of lO" yéarss0¥Tubemmera 


temperature is 800F in superhater, 330F in economizer Secures 


Sandy reported that the budget cost estimates given to B&V by eiear. 


were incorrect. DELTAK's cost estimate for four boilersmaneeuee as 
OM da vemrecrnilta tion eels) o.)6 25700 0n 
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BLACK & VEATCH 


CONFERENCE MEMORANDUM 


S. W. Brooklyn Incinerators B&V Project 9453 
Deltak Waste Heat Boiler PULLS Use Loo L 
Information : 


A meeting was held at B&V to obtain the waste heat boiler parameters 
as requested of Deltak in phone calls of June 30th and July Ist. 

Tim Locke attended and represented Deltak; Earl Smith and Kermit Trout 
were also present. Locke discussed Deltak's experience in the 

waste heat boiler field and provided representative parameters for 

for S. W. Brooklyn project. The sketches, calculations and price 
estimates are attached. 
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BLACK & 
VEATCH 


CONSULTING 
ENGINEERS 


_— 


TELEPHONE MEMORANDUM 


DATE. Salyer aia 


(TO) (RRQM). Tim Locke 648-3200 TIME pst he) ATK FM 


COMPANY > Equipment - Deltak cc. 
PEPER OEOEo Yee hermit LOuUt = (6 ee tee 
PROJECT S. W. Brooklyn NO.we74o3 


SUBJECT Waste Heat Boiler Parameters” FILE NO. 


Tim returned my call to verify some design information. Design parameters 
42,800 scfm 1400 F in 450 F min out. 4 waste heat boilers to supply one 
T/G. Tim will price out deaerator also. j : 


IT requested structural data per Karl Danz, explained our position and that 
we would appreciate Locke's help. 


A meeting was set up for July 10th. Locke will have all information. by 
en weotzes. .costs, wperformance, .etc. 


Also discussed Ehespossibility Of a plant: trip,.to Minn. tos,visit the factory. . 
Told him it might be planned in September or so. 


dliw 


BLACK & 


VEATCH 
CONSULTING 
ENCINECERS 
TELEPHONE MEMORANDUM 
= DATE 
COMPANY Locke Equipment Sales (Deltak) a 
RECORDED BY M. J wmkddington 
PROJECT Wes ton/PASNY eel SLE 
SUBJECT Waste Heat Recovery Boiler ETcarO: 


Based on the following, what is steam flow? 


Gas Flow: ; Steam Flow: 
42,800 scfm 280 F feedwater 
1,400 F inlet 700 F outlet 
450 F outlet 650 psig 


Based on .075 or .076 #/scf and Cp=.27, steam flow would be about 42,000 #/h. 
[I asked Tim for pricing information, i.e., HRSG and any auxiliariess ana 

what these are (scope of supply) and erection costs. Dimensions for 
equipment were also requested, as was a schedule of delivery. Tim mentioned 
that for typical industrical applications, FW inlet would be approximately 
220-230 F and drum steam would be used for the Deaerator. This would pro- 
vide more steaming capacity and a smaller economizer section. He guessed a 
50 psi drop thru the boiler. 


The boiler should be shop erected as far as possible. It would consist of 

a steam coil, superheat coil, economizer and drum. The wit would probably 
be shipped such that the economizer and convective sections would flange 
together with an interconnecting pipe shipped loose to the field. The steam 
drum would be placed on these sections. 6-8 field welds would be required. 


Tim mentioned that they also sell DA's and feedwater pumps. 


Tim was advised that we were a subcontractor to R.F. Weston and they would 
require a courtesy copy of any correspondence: 


Karl Danz, R. F. Weston, Weston Way, Westchester, PA. 19380 


diw 
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June. 30, 981 


NS2K PM 


MANUFACTURERS’ REPRESENTATIVE: ENGINEERED MECHANICAL EQUIPMENT 


LOCKE EQUIPMENT 
SALES COMPANY INC 
PO BOX 243 
January 7, 1981 SHAWNEE MISSION KANSAS 66201 

! ; 19131 648.3200 ‘TELEX 42515 


Black & Veatch 
Consulting Engineers 
Be O.. Boxas405 
Kansas City, MO 64114 


Berentlon: Mr. Kermit DEOUt 


Subject: Southwest Brooklin Incinerator Project 


Dear Mr. Trout: 


The purpose of this letter is to confirm some preliminary 
information for use in your feastoulitvactudye 


For recovering steam from an incinerator process incinerat- 
ing municipal refuse with a hot gas flow of 56,000 SCFM of 
gas, and to generate steam at 650°F TT and 650 PSIG, we 
would recommend a Deltak Dyno Boiler similar to that de- 
scribed in the attached literature. 


Based on the information you have given us, we have estimated 
the hot’ gas flow to be approximately 261,000 lbs./hr. For 
the initial gas temperature across the Superheater section, 
we would take a temperature drop of about 1400-1304°. 


Across the steam generating section, we would have a tem- 
perature drop of 1304-660°. The unit would have an Economizer 
which should have feedwater PLOWING eEO a teate2S0ch and at 


would take a temperature drop of 660°7 to cooling the gases 
LO PAGO TT: 


Based on this tyne of a train of heat recovery equipment, we 
could generata approximately 64,400 lbs./hr. of steam at 
Srl wand. 650 PSIG. . 


The unit would be made COMpletelVegtebare tubes to avoid 
excessive fouling. It would be fabricated EHrougnoute Gh cartoon 
steel and a budgetary estimate for its Ces POR Gur raACtoOny, 
would be approximately $500,000. 


_I trust the information we have supplied you is helpful in 


your study. Obviously we are most anxious to follow this 
should the project become a viable project. 


Jd 


Black & Veatch Consulting Engineers 
Ketention: Mr. Kermit Trouc -2- January 7, 1981 


We would appreciate your letting us know as we would be 
anxious to work with Black & Veatch in any way we can as we 
feel that we have an excellent boiler to supply for this 
process. 


Very truly yours, 
LOCKE EQUIPMENT SALES CO. 7 eINnNCc: 


CRNNQe Neo 


Robert W. Locke 
Sales Representative for 
Deltak Corporation 

RWL: 1mk ; . 


Co mepeltaky (Mr. .Csathy) 


APPENDIX K 


THEORETICAL ENERGY AVAILABILITY 
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APPENDIX K 
THEORETICAL ENERGY AVAILABILITY 


The heat available from the flue gases can be calculated by the 
following general equation: 


Heat Input - Heat Losses = Heat Available 


A sample calculation using this equation is eeger cule in Table 
K-l and explained as follows: 


de) Heatelnput. 


Heat input is dependent on the composition of 
the refuse. Municipal refuse consists pri- 
marily of cellulose and similar materials, 
mixed with varying amounts of proteins, fats, 
oils, waxes, rubber, and plastics. (3) Mois- 
ture content can vary from 20 to 50 percent, 
while the noncombustible portion can range 
from 10 to 25 percent. The heating value of 
the combustibles taken alone is approximately 
8,500 Btu/lb. Using a refuse moisture con- 
tent of 26 percent, and a noncombustible 
fraction of approximately 25 percent, the 
heating value of the refuse (as received) is 
approximately 4,370 Btu/Ilb. 


Carbon and hydrogen are the essential fuel 
elements in municipal refuse. Stoichiometric- 
ally, the complete combustion of this fuel 
(using 26 percent carbon and 3.4 percent 
hydrogen, by weight) requires 3.53 lbs air/lb 
refuse. The water vapor associated with the 
combustion air contains a vapor enthalphy of 
1,048 Btu/lb (at 80°F) which De Mua a 
portion of the -heat input. 


2. Heat Losses. 


Heat losses in the incineration process result 
from vaporization of moisture, losses in fly 
ash and residue, and heat transfer through the 
furnace enclosure. 


Table K-1l 


Theoretical Heating Value Calculations 
(per 100 lbs of refuse) 


Heating Values Quantity 
Heat Inputs at 80°F 
Refusel 437,000 Btu 
Water vapor in combustion air (140% excess) 2 12,008 
449,000 


Heat Losses 


Heat of vaporization3 97,200 

Heat in fly ash -800 

Heat in residue 625 

Loss through furnace enclosure® 18A500 

Total Losses TL29125 
Balance to heat flue gas 3367875 Btu 
Total flue gas’ (at 140 percent excess air) OS 1 oeLu 
Enthalphy of flue gas 354 Btu/lb 
Total moisture 11% 
Flue gas temperature PA325°R 
Flue gas volume (at 250 tpd) 43,200 SCFM 

Energy Available from Waste Heat Boilers8 190,600,000 Btu/hr 


lHeating value at 4,700 Btu/1b. 


2Assumes vapor enthalphy at 1,048 Btu/lb; stoichiometric air 
requirement at 3.53 lbs/lb refuse; 0.0135 Ibs moisture/1b meee 


3Includes refuse moisture at 26 percent, bound water at 61.8 
percent, and residue quenching vapor at 5 percent: total mois- 
tCures= 9256 tbs/100 lbs retise. 


4assumes 2 lbs fly ash/100 lbs refuse; specific heat = 0.25 
Btu/lb OF; temperature at 1,680°F. | 


"Assumes 0.25 lb residue/lb refuse; specific heat = 0.25 Btu/lb 
OF; temperature at 180°F. 


6Three percent of total heat input. 
7Includes 104.2 lbs water vapor. 


8Assumes inlet temperature = 1,325°F, outlet temperature = 
450°F, specific heat = 0.275 Btu/lb - OF, 


The combustion of cellulose (carbon and hy- 
drogen) results in the production of moisture 
due to the release of "bound" water. For the 
fuel composition just described, complete 
combustion of 100 lbs of refuse will produce 
61.8 lbs of water. It is estimated that an 
additional 5 lbs will be released by quench- 
ing the residue. This moisture will be vap- 
Orized in the furnace, resulting in an energy 
loss equal to the heat of vaporization of the 
bound water, quench water vapor, and the orig- 
inal moisture content of the refuse. 


Additional heat losses are the result of par- 
ticulate emissions (fly ash) and ash removal. 
For this calculation, exit temperatures for 
fly ash and residue were estimated as 

1,680°F and 180°F, respectively. 


Heat loss through the furnace enclosure is a 
function of furnace construction, and was 


estimated to be 3 percent of the total heat 
PNOUC. 


Heat Available. 


The difference between the total heat input 
and total losses (336,875 Btu) is the energy 
available to heat the flue gases. Operating 
the furnaces at 140 percent excess air re- 
quires 8.47 lbs air/lb refuse; on a 100-1b 
Dist so t7 LOS) Olealr 1s required... Accounting 
for the 92.8 lbs of moisture vaporized, the 
total weight of the flue gas is 951 lbs. 
Therefore, the resulting heat transferred to 
the flue gas is 354 Btu/lb. Total moisture 
toe nome Lies ase se (04.02/95) on wt percent, 
The enthalphy and moisture content correspond 
to a gas temperature of 1,325°9F. Extrapo- 
lating the flue gas production rate of 9.51 
lbs gas/lb refuse to a furnace throughput of 
Z5>UmCDG LesuLcs ina, Flue gas flow of 43,200 
SCFM per furnace. Assuming an inlet tempera- 
ture of 1,325°F to the waste heat boilers 

and an inlet temperature of 450°F, the to- 
tal energy available from four furnaces is 


approximately 190,600,000 Btu/hr. 
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APPENDIX L 


TREPARE PORTS 


Memo To: A. Thau cc: 8B. Shrivastava 
M. Barbara 
From: W. Chesner K. Danz 
E. Smith 
Date: 10 November 1981 OG RATEREL 


i TRIP REPORT - PITTSFIELD, MASS. RESOURCE RECOVERY PLANT; 26 OCTOBER 1981 


eT en ne 


(1) Trip Participants Pittsfield Guides 


Thau - PASNY Lew Clark - Facility Mgr. 
Shrivastava - NYC DOS Beth Voll - Tour Guide 
Chesner - Weston 

Barbara - Weston 

Smith - BéV 


mz=op 


(2) Facility Background Data 


A. Vicon Construction Company, Butler, NJ designed, built and operates 
the facility; Vicon has another project in Washington County, NY. 


B. Facility start-up was end of March 1981. 


C. Pittsfield facility is designed to process 240 TPD of refuse 
(120 TPD per furnace); two furnaces are on-line with one standby. 


D. The heat exchangers are convective boilers; two boilers designed 
for 35,000 pounds/hour are on-line with a third standby. 


E. The equipment manufacturers are as follows: 
Furnaces: Enercon, Cleveland, Ohio 
WHB: Bigelow 
Electro Scrubbers: Combustion Power, California 


F. The scrubber is a circulating pebble electrostatic precipitator 
(circulating charged pebbles act as collectors and filters); 
ash is trucked to the municipal landfill for disposal. 


G. Eneray (stcam) is sent to Crane and Company - Velve Mfg. on a 
demand basis. The price of steam is keyed to a 15% discount on 
Fuel Oi] No. 6 (700,000 pounds/day minimum). . Currently 20,000 
pounds/hour is taken by Crane and the excess is vented. Three 
of five plants are connected with approximately 200 feet of steam 
pipe; the remaining two are 1-2 miles away and will be hooked up; 


no condensate return; water makeup costs represent approximately 
2% of the steam production costs. 


H. A 6.2 million dollar bond was issued by the City to finance the 
project; Vicon and the City are partners and share the profits 
50/50 after all operating costs and debts are paid. 


- Tipping fees at the facility are $13.68/ton for the City of 
Pittsfield; $12.00/ton for the Town of Lennox. The City of 
Pittsfield subsidizes its internal haulers who only pay 
$2.00 per ton Cile. the City subsidizes $11260uper ton); 
City guarantees facility 44,000 Eeye 


(3) Facility Operation 


A. The entire operation is enclosed in a metal building on one level. 
The 500 ton pit has several 14' doors for dumping direct to pit. 
The incinerator loading stations for the incinerator are charged 
by frontend loaders. The crane operator is located in the 
control room with the incinerator operator. The frontend loader 
operator is the only other operator. Women operate the scales 
from the office at the front gate. Sorting is done on the oma 
except for hauler sorting which is required for metals. 


The furnace has five slide along rams to move the garbage 

through the furnace. Garbage 2-3 feet high is piled on the a 
loading hopper and charged with the rams at constant speed. Recycle 
of flue gas (2'f recycle header versus 6'f flue gas duct) can be 

used to control the air temperature to the WHB. The recycled flue gas 
is controlled by an exhaust bypass damper. The gas is introduced into 
the front face (charging area) of the furnace. 


C. Facility has continuously operated since start-up (24 hours - 
7 days per week) with 3 day shut down in August for ma intenance/ 
cleaning. Steam soot blowers are used to clean the boilers. 


D. Payloader operator sorts and removes large refuse (metal) prior 
to charging. 


E. Approximate solid waste composition - 30% industrial 
~ 70% municipal 


F. Combustion air calculated @ 150% excess air = 20,890 scfm; 
Sgt flow fae.) bie i pees ele ee 
at a stoichemetric air OW Til oe Theres 


4 


G. The process flow scheme and temperature profile of the TaCEIUCVe Ts 
as follows: 


Steam Rated at 35,000 Ib/hr bs 
200 psig, 475-490 F 


1400°F 460°” 
; WHB APC STACK 
200 ft Ductwork with 


6" Insulation Recycle Capabilit 


Secondary Chamber 


Bypass to APC and Stack T = 1.600ah 


Furnace Primary Chamber 


i 
Te 1700 F Combination 
Gases 


1201 PD eases > 


Overfire Underfire Ash 
Air Air 


H. The combustion air is first used to cool the combustion chamber 
refractory. In this way it is preheated to approximately 300 F. 


|. The temperature in the combustion chamber is controlled by 
recirculating a flue gas slipstream. 


J. The underfire/overfire ratio can be varied between 3/1 and 1/33 
K. The flue gas ducts contain 6'' of brick insulation. 


L. The boilers are cleaned once every 4 weeks. This Operation is 
performed, on the average, during one shift. Some Slagging of 
the front tubes of the convection passes were observed particularly 
during temperature excursions. This has been minimized by main- 


taining the inlet temperature to the WHB as close to I1400°F as 
possible. . 


M. Flue gas dust loading information was not available. The particulate 
permit limits the stack discharge to 0.05 grains/scf. 
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11. TRIP REPORT TO PHELPS DODGE, 42-02 S6th RD. , MASPETH, NY; 27 OCTOBER J 8) 


(1) Trip Participants Phelps Dodge 
A. Thau - PASNY Sam Principe 


W. Chesner -.Weston 
B. Schrivastava - NYC 
E. Smith - BéV 


(2) Facility Background Data 


A. Facility is a copper salvage refiner, in which scrap copper is 
melted in a reverberatory furnace, cast and plated. 


B. Facility contains two Babcock & Wilcox.boilers and one Erie City 
boiler (now Zurn-Erie City), fired by oil or natural gas. The 
Erie City boiler was installed in 1966 and rebuilt in 1974 
(i.e. waterwall furnace with convection passes; 12-15'' firebrick 
walls; and retractable soot blowers). 


C. An electric wire scrap (including insulation) melting furnace was 
operated for a four-year period, from 1969-1973. The flue gases 
from this furnace were cooled in a BEW convection boiler. Major 
corrosion problems occurred throughout the flue gas train during 
this period due to highly corrosive HCl gases released from PVC 
insulation. The boiler was washed with soda ash an kept as dry 
as possible during downtime. Sam Principe (Plant Manager) 
estimates that with an operating schedule of 7 days/week the 
boiler tubes would have sustained approximately 7 years of 
service. He indicated that operating data for WHB in dust-loaded 
corrosive gases can be obtained from copper ore refineries. 


(3) Facility Operation 


A. The following represents the flow of the present Erie City Boiler: 


Air Inflow To Maintain Baghouse Temp 


WHB 
nets 4S0°F-500°F 
~v1500 F Dust dole 
500 1b/2 Days 


(20% Copper Oxide) 


Baghouse 
(Fiberglass) 


EHS Ce 1.D. Fan Design Stack 


Fuel & re) 
fopreh—. ened 45,100 scfm 
9'' Static Head 
Figdoveeente Pe Auge 
’ S 1084 RPM 


15'' Static Pressure 


BHP = 63.7 


* Estimated 
w* Plant Operating Records 


B. Slag buildup problems on uptake flue from furnace as gas cools, 
requiring cleanout. 


C. Present steam production = 50,000 1b/hour. Previous B&W convection 
boiler steam product 25,000 Ib/hour, 160 psi 100 F superneat. 
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111. TRIP REPORT TO CHEVRON REFINERY, PERTH AMBOY, NJ; 27 October 1981 


The report is divided into three parts: (1) Participants; (2) Facility 
Background Data; and (3) Facility Operation. 


(1) Trip Participants Chevron Heat Research Corp. 
A. Thau - PASNY ~ C. Lyon R. Baldwin 
W. Chesner - Weston 2.) Utell te 
B. Schrivastava - NYC 
E. Smith - BéV 


(2) Facility Background Data 


A. The facility visited was a Chevron refinery; the unit of interest was 
a Cat Cracker (regeneration of catalyst by combustion of hydrocarbons 
in a free fall kiln). 


B. Flue gas from this kiln contains CO gas as well as heated flue gas 
which is combusted along with refinery gas in a Heat Research boiler. 


A parallel BéW boiler was also installed. The flue gas in both 
boilers contains approximately 0.6 #/min of clay dust. 


(3) Facility Operation 


A. The following presents the subject flow train: 


Cat Cracker 


COcF irra 


Auxiliary 
Eitend 


Cyclone 


1450°F WHB 
200,000 pph 
Y 


(Gas/0i1) Dust Collector 
Flue Gas 
90,000 pph steam Approximately 1 cu yd. 
@ 600 psig, 700°F Ceramic Dust/Day 


B. Boiler operation continuous and is shut down every 2-3 years; 
simultaneously with cat cracker. 


C. Combustion air is preheated to 300°F by cooling the refractory. Slag 
buildup is minimized by rotary steam soot blowers, 


Leo 
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STOICHIOMETRIC AIR CALCULATIONS 
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APPENDIX M 


STOICHIOMETRIC AIR CALCULATIONS 


Refuse Composition (% Composition, as-received)- 
H 20 26.00 


S 0-20 
cL 0.66 
C 24.94 
75.03 percent 
H2 3.40 
02 19.42 
N2 0.41 


Inerts 24.97 
~ 100.00 


HHV = 4,370 Btu/lb 


Oxygen Demand 


Boe 7 
For co. 0.2494 (75) = PAL 
(u0066mI3 2.) 
For H50 (0.0340 - Sica Ga aA Ve PATS 
Y= 0.9356 
Less O02 in refuse - 0.1942 
X= 0.7414 


Stoichiometric Air 


0.7414 


2 feos 0.7414 = 2.7891 


N 


0 0.7414 
2 Stoichiometric air (lb/lb refuse) = 3.5305 


0.7414 
Atmosphere HO Ti O20L3) 


lpope, Evans and Robbins, Spring Creek Refuse Study, December 
Ue ae 
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APPENDIX N 


FURNACE STARTUP AND OPERATIONAL PROCEDURES 
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APPENDIX N 


FURNACE STARTUP AND OPERATIONAL PROCEDURES 


The operation of the furnaces is the responsibility of the 
plant's Senior Stationary Engineer. In order to place one of 

the furnaces into service, a Signal is sent to the charging 
floor personnel who direct the crane operator to begin filling 
the appropriate charging chute. Signal lights over each chute 
indicate which furnaces are in operation. It is the responsibil- 
ity of the crane operator to maintain a "plug" of refuse in the 
chute to minimize the infiltration of air into the furnace. 


Once the chute has been filled, the reciprocating grates and 
forced-air fans are activated and the refuse is charged into the 
furnace. Combustion of the refuse is initiated manually using a 
torch. The furnace operator, or stationary fireman, manually ad- 
justs the overfire and underfire air flows and sectional grate 
speeds. Air flows are adjusted uSing the readings obtained from 
the furnace draft gauges and temperature indicators on the fire- 
man's control panel. This panel is located adjacent to the fur- 
nace. Grate speeds are adjusted based on the required throughput 
rate. Each of the four grate sections is controlled by a gradu- 
ated knob on the grate speed control panel. Each knob is gradu- 
ated in increments of 0 to 10. The speed of the upper, or charg- 
ing grate, controls the throughput rate of the furnace. The op- 
erators use a rule-of-thumb that the knob setting is half the 
throughput rate in tons/hr (i.e., a setting of 4 1/2 corresponds 
to 9 tons/hr, or 216 tpd). This approximation was verified by 
WESTON personnel using actual bucket counts during furnace oper- 
ation (see Appendix B, p. B-7). The speeds of the three subse- 
quent grates are set to spread out the refuse bed while main- 
taining the position of the fire on the three uppermost grate 
sections. 


Typically, the charging grate is set on a speed of 4 1/2 to 

5 1/2, corresponding to a refuse throughput rate of approximate- 
ly 216 to 265 tpd. Overfire and underfire air dampers are set to 
1/2 and 3/4 open, respectively. As the furnace approaches equi- 
librium, damper settings are manually adjusted to maintain a 
combustion chamber temperature of approximately 1,600°F with- 
out excessive fly ash entrainment in the flue gas stream. 


Siftings and ash residue are collected in water-filled quench 
troughs located directly below the furnaces and are transported 
to the residue barge by a series of drag-flight conveyors. 


Flue gases are drawn through the secondary chamber and breech- 
ing, and exit from one of two masonry stacks. 
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BLACK & 


VEATCH 
CONSULTING 
ENGINEERS 
TELEPHONE MEMORANDUM 
pate June 8, 1982 
(TO) (FROM Mr. Jerry Kelpin (212) 566-4107 Time 3:15 44 PM 
COMPANY New York City Dept. of Environmental Protection cc, EOS 
: DML 
SEES ED B02 a C8 2) 2 9. ee Rae RBH 
PROJECT Southwest Brooklyn Incinerator no. 9453 KET 
SUBJECT . City Permit Process FILE NO. 


Both the city and state have a environmental review process. If both 
entities require an environmental review, a lead agency will be designated. 
Ms. Kelpin estimated that the environmental review process would take 4 
to 6 months to complete after submission of the Environmental Report. The 
procedural steps of this process are listed below. 


20 days to determine whether the ER is complete or to evaluate 
supplemental information. 


15 days to publish public notice. 

60 days for a public comment period and, if necessary, hearings. 

30-90 days to issue a final decision. 

No city or state permit can be issued until the environmental review 
process eetooe lated: Ms. Kelpin indicated that the city operation permit 
and pretreatment approval are usually ready to be issued by the time the 
environmental review process is completed. 


cmm 


BLACK & 


VEATCH 
CONSULTING 
ENGINEERS ; 

TELEPHONE MEMORANDUM 

°eDATE June 10, 1982 

"ha ci preg Ly bho ne time —10:35 am XK 
COMPANY of Environmental Conservation cc: EF 0O¢S3 
recorpeo py __D: M- Lefebvre R.BsHe 
PROJECT Southwest Brooklyn Incinerator Nol 9453 K.E.T.- 
SUBJECT PSD Permit FILE NO. 


Mr. Fram works for Mr. Cava and is familiar with the Southwest Brooklyn Incinerator. 
Mr. Fram stated that he understands that the City intends to go to seven day a week, 
24 hours a day operation once the operation of the precipitators is normalized. 
Since the cogeneration modifications will not increase emissions over those which 
will occur upon continuous operation of the incinerator, Mr. Fram indicated that no 
PSD permit or other air pollution control permit will be required. 


vb 


BLACK & 


VEATCH 
CONSULTING 
ENGINKERS 

at TELEPHONE MEMORANDUM 

* DATE May 25,--1982- 

PAPE (Oboes GOO CO Lyd ry I a ie 2200) Gy py 
COMPANY epartment_o nvironmental Conservation cc: KET 
RECORDED BY R. B. Hosford 
PROJECT SWS Brooklyn Feasibility NO. 9453 


SUBJECT Environmental Impact Requirements FILE NO. 


I called Gordon Colvin to discuss the potential requirements for an EIS 

for the addition or modification to the Southwest Brooklyn Incinerator. ; 
During our discussions Mr. Colvin indicated that the following points 

would have to be considered. 


1. Ue thought that the incinerator is presently under a consent order ror 
air pollution abatement. Any additions or plans to modify emissions 
would need to be consistent with this order. He also believed that 
either a modification to the existing permit or a new permit would be 
required. 


2. It was his opinion that the involvement of the City of New York and 
PASNY would trigger the state environmental review process. The 
question of which agency would act as lead agency would have to be 
determined. It is possible it could be the City, PASNY or even the 
Department of Environmental Conservation. 


3. The state of New York has been fully delegated the authority to administer. 
the NPDES program, and the Department of Environmental Conservation would 
be agency to deal with. 


BLACK & 


VEATCH 
CONSULTING 
ZNGCINEEROE ms 
a TELEPHONE MEMORANDUM 
S eOATE March 25, 1982 
i - 2: 30 
(TO) (KEAX) Dick Seelinger (312) 391-2000 Ext. 2087 TIME YPM 
company ____UOP, Incorporated . cc, _KET 
, io EOS 
recorpvep sy M-_J- Eddington 
PROJECT tune bWemBrOOk lyn Ju See seRe see ieee Oso 
SUBJECT Air Preheating Requirements FILE NO. 
ib UOP, Incorporated is the correct title. The Solid Waste System Division 


dlw 


handles the MSW work. 


Dick Seelinger stated that the four to five per cent increase in steam flow 


is based on taking credit for the Btu input into the boiler with air 


preheating. The four to five per cent is used regardless of the heating 


value vf the fuel. ‘Yherefore, the increase 1s taken whenever air pre- 
heating is used. The basis for the increase originates in the ASME 
Test Code and the definition of how input and output of the furnace is 
calculated. Air preheating is accounted for as a credit and increases 
the output. Air preheating increases the heat input regardless of the 
heating value of the refuse. 


The NW Chicago plant did not have a UOP designed air preheater since 
the plant was designed for 4500 Btu per pound refuse. Seelinger said 
that UOP, Inc. would include an air preheater in the design if it were 
done today. 


Theoretically, air preheating is not required whenever the heating value is 


greater than 5000 Btu per pdund. Air preheat coils would be removed fron 
service whenevec the heacing value of the refuse increased to that value. 
Below 4500 Btu per pound, air preheating coils would be placed in service. 


BLACK & 


VEATCH 
CONSULTING 
ENGINEERS 
TELEPHONE MEMORANDUM 
DATE _June 8, 1982 
(To) (PROM __Gordon Colvin (212) 488-2758 time 7245 AM PM 
COMPANY NY Dept. of Environmental Conservation cc: EOS 
“SMALL 
RECORDED BY _D- M. Lefebvre - RBH 
PROJECT Southwest Brooklyn Incinerator no. 9453 KET ~* 
SUBJECT PSD Permit» Process FILE NO. 


Mr. Colvin said that delegation of PSD authority to New York is imminent, 
but has been imminent for some time now. He did not know what was delaying 
delegation. Since EPA-Region II will retain jurisdiction over PSD permit 
applications on which it has started its review after delegation, Mr. 
Colvin indicated we may have to work with both EPA and DEC to complete a 
PSD permit application for the project. Mr. Colvin recomnended that I 
contuct Mr. Tony Cava of DEC who is more familiat with the PSD sicuation. 
His phone number is (212) 488-2760. 


cmm 


53-09 97TH PLACE, CORONA, NEW YORK 11368 


P.O. BOX 191 — FLUSHING, N.Y. 11352 
TELEPHONE: 212-699-5000 


. November 6, 1981 


Roy F. Weston 
1044 Northern Boulevard 
Roslyn, New York 11576 


Attention: Mr. Michael A. Barbara, P.E. 
Project Engineer 


Reference: Southwest Brooklyn Incinerator 


Dear Mr. Barbara: 


This letter will confirm our verbal opinions stated regarding 
pre-heating underfire air to our stokers. 


We have the following comments: 


1) Since the steel casing below the stoker line is 
not insulated the skin temperature will be higher 
than may be considered a "safe" level. Insulation 
Should be installed on the outside surface only. 
The inside surface must be left "as is" to allow 
Siftings to slide into the conveyor. 


2) While we have no concerns about the 250° F pre- 
heated air, we do not have any long term operating 
data on its effect upon the grates. This temperature 
is well below the design temperature of components 
Such as bearings, etc. 


I trust this satisfies your needs. If any additional data 
is needed, please do not hesitate to contact me. 


R E C 2 | V 610) Very truly yours, 


MORSE BOULGER, INC. 
NOY 9 1981 


R. F. WESTON 


ik LF ze 
ROSLYN, N.Y Robert L. LaBua ha 
ais aed Vice President 
RLL/je 
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DESIGNERS AND BUILDERS OF WASTE DISPOSAL PLANTS & EQUIPMENT 
STOKERS ~ GAS SCRUBBERS 


=e ae eee ee ee EE EES ee 


The City of New York Department of Sanitation 


Norman Steisel Commissioner 


Resource Recovery 
And Waste Disposal Planning 


Paul D0. Casowitz Oeputy Commissioner 
51 CHAMBERS STREET AM. ale) [MINIS Sale ap, 
TELEPHONE 566-6260 


May 27s 9S) 


Power Authority State of New York 
10 Columbus Circle (17th Floor) 
New York, New York 10019 


Porcine WATbDert Thay 


RE: Southwest Incinerator 
Down Time 


Dear Albert, 


The contemplated Schedule of maintenance of Southwest 
Incinerator at the time that Waste Recovery becomes opera- 
tive is as follows: 


1. All four (4) furnaces are to be operated concurrently. 
a) Per Furnace - Down for Maintenance 
every 4th Monday 


- Down for Major 
Maintenance 45 days 
per year 


Total Downtime per furnace - 90 days/per year, 


Very truly yours, 


Si¥= RUD EN STEIN spr 


‘Deputy Director of Engineering 
SCR: rh Project Manager 
cee DyeWarne tt 


S. Rubinstein 
H. Szarpanski 
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